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PART I. 


CHAPTER I 


INTRODUCTORY. 


Limitation of this work—Systematic geography—Herbert ; Vigne, Jacquemont, 
&c.; Hodgson ; R. Strachey ; Thompson ; Cunningham ; H. Strachey ; Rawlinson ; 
Saunders; Markham ; Calcutta Review ; Blanford—Nomenclature—Ethnical sketch : 
Plains of As&m and Bengal ; Plains of Upper India ; Clothing ; Food ; Customs ; 
Eastérn Himalaya—Kastern tribes ; Tribes of the Southern Watershed ; Bhutdn ; 
Sikkim ; Nepal; Tribes of the Lower Himdlaya—Karndli to Tons; Bisahr; the 
Satlaj to the Indus—A fghénistan, Galche States ; Kdra-Tangutans ; Tibet—General 
distribution—Appendisx : list of authorities for this Chapter. 


Unper the name Himalayan districts of the North-Western 
Provinces of India we include the British 
districts of Kumaon, Garhwal, Tarai, Dehra 
Dun and Jaunsér-Bawar, and the independent State of Tihri or foreign 
Garhwal, comprising the tract within the Himalaya bounded by the 


'1The collection of materials for the ‘Memoir on the Kumaon Himalaya’ has 
been in progress since 1872, but other and more pressing duties have hitherto pre- 
vented their arrangement for publication. It was then intended to give as complete 
a description of the entire Himalaya as the means at our disposal would permit. 
There is little hope, however, that the leisure necessery for such an undertaking will 
occur within any reasonable time, and it, therefore seems better to work up the 
materials already existing in their present form than to wait until opportunity is found 
for completing the original design. There are many and great gaps in our informa- 
tion regarding Kumaon, but the first step towards remedying this defect will be this 
attempt to take stock of our present knowledge, which is far more complete than is 
supposed, Without the aid of the materials entrusted to me by Generai R. Strachey, 
Sir John Strachey, Mr. J. H. Batten, Rudradatta Pant, and others, whose assist- 
ance will be found acknowledged in the preface, as well as the co-operation of 
Mr. H. B. Medlicott, Mr. S. A. Hill, Mr. Duthie, Dr. King, Dr. Watson, Captain G. 
Marshall, and others, my own work would be very meagre and unsatisfactory, as 
well from the great range of subjects discussed as from their frequent special and 
technical character, 
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Tons on the west, and the Kali or Sarda on the east. The adjoining 
portion of Tibet, to which British subjects resort for the purposes 
of trade, or in order to visit the sacred lakes, also comes within the 
scope of our investigations. A glance at the accompanying map 
will show that both the Himdlayan and Tibetan portions of the traet 
with which we are concerned form but a small slice or segment of 
a greater system, which must be studied as a whole before an 
adequate conception of the structure and relation of its parts can be 
arrived at. The Himalaya itself is but the southern belt of that 
great girdle of mountains which encloses within them the country 
of which the southern half is commonly called Eastern Turkistan. 
From or through the southern slope of tle Himélaya flow the great 
rivers known as the Indus, Ganges, and Brahmaputra. To the east, 
the continuation of the Himalaya is traced in the mountain ranges 
through which flow the Yang-tse-kiang and the Hoang-ho, and 
which are prolonged to the north in the Ala-shén, Inshfn, and 
Khing-han mountains. The last of these ranges joins the Yablonnoi 
Khrebet branch of the Altai system at right angles in about 55° 
north latitude. The Yablonnoi mountains are the north-eastern 
continuation of the Altai range and form the water-parting between 
the Lena and the Amour. The Altai rises, on the right bank of the 
Irtish river, at the north-western angle of the central plateau, and 
separates the Upper Gobi from the Siberian steppes. It consists of 
a belt of mountains varying in breadth from 400 to 1,000 miles, 
thongh in one place contracting to 150 miles, of no great elevation, 
and descending in a succession of broad terraces to the Siberian 
plains. It is pierced by the rivers draining into Lake Baikal, and, 
east of the 88th meridian, consists of three almost parallel ranges— 
the Saiansk, Tangnou, and Ulangomula. From the sources of the 
Kfra-Irtish the Barluk Orochuk and Zungarian Ala-tau connect 
with the Tian-sh4n, the Celestial mountains of the maps, in which 
are the sources of the Syr-Darya or Jaxartes. The Tian-shan to 
the north and north-east of Kashgar consists of a series of parallel 
ranges having a direction from the cast to west and an increased 
elevation as they proceed northwards. They abut on the elevated 
mountainous region known. as the Alai and Pamir plateau, the 
latter of which contains the source of the Oxus in the little kul 
or lake of the lesser Pamir. The eastern margin of the Pamir is 
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described by M. Severtsofp who visited it in 1878, as neither a 
mountain chain nor the precipitous extremity of a table-land, but 
an extensive mountainous region filled with numerous ranges. The 
peak measured by Haywurd (21,000 feet), and the Tégharma or 
Muztagh-Ata peak measured by Trotter (25,350 feet), and supposed 
to form a part of the Kizil-Art range connecting the Tian-shdn with 
the Himélayan system, are now reported to be only the culminating 
points of groups of snowy peaks separated from each other by a 
distance of over thirty miles. The intervening country contains 
the basin of the little Kéra-kul lake surrounded by a complicated 
system of short and comparatively low mountain ranges having 
an altitude of from 14,000 to 15,000 feet. These ranges, however, 
connect with the Hindu Kush, Karakoram, and Western Himalaya, 
and thus complete the girdle of mountains from one or another 
side of which flow all the great rivers of Asia. 


The country thus defined forms a part of the great Empire 
of China. To the south lies the rugged, 
elevated plateau of Tibet, regarding which we 
shall have more to say hereafter. To the north of this comes the 
depression known as the Lob-nor basin, which receives the drainage 
of the northern slope of the Tibetan plateau called, in the 39th 
degree of north latitude, the Altyn-Tagh range, but more generally 
known as the Kuen-lun, a name given probably from some well- 
known pass. The drainage from the castern slope of the Tian-shan 
flows in the same direction, as well as that from the south-eastern 
slopes of the Altai range ; but all is swallowed up in the great sandy 
desert of Gobi, which at one time apparently formed the bed of an 
ancient sea some 300,000 square miles in extent. According to 
Prejevalsky this plateau varies in height from 6,000 feet on the 
margin to about 2,000 fect in the middle. Itis intersected from west 
to east by a depressed valley called Shamo, or ‘Sea of sand,’ contain- 
ing salt. West of this lies the Han-hai, or ‘dry sea.’ Prejevalsky 
has crossed the desert between Kuldja and what may turn out to 
be Lob-nor, lying in east latitude 90° and north latitude 39° 30,’ and 
found himself at only 2,500 feet above the level of the sea on the 
‘banks of the Tarim. To the west, the desert presented a thin loam 
impregnated with salt, and to the east a plain of drift-sand. 
Towards the Kurugh-tégh hills, from which he descended on the 


Eastern Turkistan. 
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desert, lay a belt of pebble and gravel some 15 to 18 miles wide. 
He also crossed the desert to the north between the Ala-shan range 
and Urga, where he found it to vary in height between 3,000 and 
5,500 feet, whilst it still preserved its sandy character. On the 
route between Urga and Kalgan explored by the same traveller, 
there is a great depression towards the middle, where the elevation 
is as low as 2,400 feet. Here the soil of the Gobi proper is 
composed of coarse reddish gravel and small pebbles interspersed with 
drifts of yellow shining sand. Leaving these regions, we shall in 
future restrict ourselves to the southern plateau, of which the Kuen- 
Jun mountains are the northern boundary, and which is so intimately 
connected in its physical relations with the Himalaya. 


Before proceeding with our examination of the structure of the 
Karly attempts at genc- Himélaya-Tibetan region, it will be conve- 
ralisation. nient to pass in review the different theories? 
that have been advanced in regard to its systematic geography, 
since a complete understanding as to what has been done in this 
direction will enable us to arrive at some conclusion as to what 
remains to be done. Captain Herbert, who conducted the mineralo-~ 
gical survey of the Himdélayan country 
between the Kali and the Satlaj in 1818, was 
the first who attempted to give a general account of its physical 
charactcristics. His description? was intended to serve as an intro- 
duction to his geological account of the Himalaya, as well as to be 
a distinct contribution to general geography ; the existing works on 
the subject “being singularly deficient in details, as well as errone- 
ous in the few that are given.”” His idea of the country north of 
India was apparently derived only from maps. He describes it as a 
large central space strongly marked by the feature that it was little 
intersected by rivers, whilst from its sides flowed the streams which 
united to form the greatest rivers in the world. As the source of 
every river must be higher than any other part of its course, he 
inferred that the zone in which those rivers originated must be 
higher than the plains through which they flowed to seek the ocean, 
and that the entire central tract itself was completely surrounded by 
lofty mountains. He considered the upper beds of the Brahmaputra 


Herbert. 


'For a bricf summary of these theorics sce Mr. C. R. Markham’s ‘ Memoir on 
the Indian Surveys,’ p, 341, 2 J, As, Soc, Ben., X1., Pt. L, p. x 
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and the Satlaj as forming part of the barrier zone which surrounds 
the central tract, and not as a part of the plateau itself. He 
farther showed that the true “line of boundary is undoubtedly the 
chain of water-heads, and that this is by no means synonymous with 
the line of greatest elevation.”’ At first view the arrangement of 
the mountain masses in the tract between the Kali and the Satlaj 
appeared to be irregular and confused, but by tracing the courses of 
the rivers and their tributary streams, a clue was found to lead the 
observer out of this labyrinth. “By connecting their sources and 
by following out the devious windings of the several feeders, an idea 
is obtained of the extent. the direction, and the connection of the 
several ranges. # « # Instead of a succession of parallel and continu- 
ous ranges running south-east to north-west, and rising one behind 
the other in regular array and increasing elevation till the series 
is closed in the farthest distance by the line of snow-clad peaks, we 
see only one continuous range of any extent forming an irregularly 
curved line which bends round the tract, commencing on the north- 
east angle, and with a north-westerly direction, which it gradually 
alters to a south-easterly one on the south-west angle, and latterly 
due south just before it is lost in the plain country. This range 
forms one of the boundaries of the basin of the Satlaj which bends 
around the convex side, while within its concavity are contained the 
numerous sources of the Ganges.”’ This he called the Indo-Gan- 
getic chain, “a ramification of that more extensive line of water- 
heads which would exclude from the central plateau all the mountain 
tract watered by the Sanpu and the Indus as well as by the Ganges. 
Next in extent are the two principal ramifications separating the 
basin of the Jumna from that of the Ganges, and the basin of the 
latter from that of the Kali. From these two principal ramifica- 
tions proceed a number of minor ones which, but for the assistance 
derived from a study of the course of the rivers, would almost bid 
defiance to any analysis. Transverse ridges, several thousand fect 
higher in elevation, ramify from the Indo-Gangetic chain towards 
the Ganges basin, and a line or plane connecting their summits 
would be that of the greatest elevation, which, however, has no 
connection with the disposition of the water-heads. It isa fact that in 
a line of 500 miles two summits are found exceeding five miles in 
perpendicular height, not isolated, but conneoted to appearance by a 
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regular series of peaks of very little inferior elevation. If we 
confined ourselves to heights of 21,000 feet, we should find a connected 
line of peaks extending over 1,000 miles; that is, one apparently 
without breaks, but in reality connected only through the line of 
water-heads from which they ramify. Whether the word ‘line’ or 
‘plane’ is used, the idea of considerable breadth must be conceded, 
and in that case its surface would be very irregularly studded with 
peaks, and in this way it may be said to be parallel to the common 
boundary of mountain and plain land, and to intersect instead of 
bounding the river districts.” The above summary gives a reeumd of 
Herbert’s speculations on the physical structure of the Himalaya. 
His errors were those of his time, when the knowledge even of 
descriptive geography was in its infancy. He was unable to recognise 
the unity of the great central mass and its bulwarks, and was wrong 
in saying that the groups of snowy peaks intersected the river basins, 
when, in fact, they bound the drainage area, and are the determining 
causes of its existence. Still Herbert is to be remembered as the 
first who attempted to give a systematic account of the Himalaya 
as a whole,! and is therefore worthy of a prominent place in this 
brief notice of its geography. 

Next to Herbert comes Hodgson, who in an admirable article in 
the Asiatic Society’s Journal? also alludes to 
the difficulty experienced by a traveller in 
the Himalaya in getting “rid of that tyranny of the senses which 
so strongly impresses almost all beholders of this stupendous scenery 
with the conviction that it is a mighty maze without a plan.” His 
first step towards freedom was his grasping the fact “ that the vast 
volume of the Himalayan waters flows more or less at right angles 
to the general direction of the Himélaya, but so that the num- 
berless streams of the mountains are directed into a few grand 
rivers of the plains either at or near the confines of the two 
regions.” Secondly, a study of the river systems like the “Sapt 
Gandaki” and the “Sapt Kausiki” urged him “to discover, if 
possible, what cause operated this marked convergence of innumer- 
able transverse parallel streams, so as to bring them into a series of 


distinct main rivers.” Thirdly, he found that “the transcendant 


! Neither Moorcroft, Vigne, Jacquemont, Hooker, Shaw, Henderson, nor Bellew 
attem nt any description of the Himdlaya as a whole, 3 J, As, Soc, Ben., 
XVIII, Pt. IL, p. 761. 


Hodgson. 
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elevation and forward position, at right angles to the line of ghéts of 
the great snowy peaks, presented that casual agency : the remotest 
radiating points of the feeders of each great river being coincident 
with the successive loftiest masses belonging to the entire extent of 
the Himdlaya.” The great peaks bound and do not intersect the 
principal Alpine river basins, as Herbert had thought, and, by 
so bounding, create the basins, whereas their intersection would 
destroy them. Hodgson’s Himalaya proper is the ghft line or 
watershed between Tibet and India, and the watershed between the 
valleys of the Indus and Sanpu and the great plateau is called by 
him the Nyenchhen Thangla chain. The cause of the convergence 
of the various streams which form the great rivers upon or near the 
verge of the plains is shown by him to be “the superior elevation of 
the lateral barriers of these river basins, between which there are 
synclinal slopes of such decided preponderance that they overrule the 
effect of all other inequalities of surface, how vast soever the latter may 
sometimes be.” These lateral barriers are crowned by the great 
peaks which stand forth from the watershed and send forth south- 
ward ridges proportionally immense. Equally effective with the 
divergent power of these peaked ridges is the convergent power of 
two ridges upon the single contained river basin. “The synclinal 
lines from the inner faces of the two adjacent ridges draw the waters 
together, and because these ridged peaks are the loftiest masses of 
the entire mountains, the effect of all other masses, even that of the 
spine of Himachal or the ghat line of the snows, is overruled or 
modified, so that in the most rugged region on earth a very limited 
series of distinct main rivers appear in the plains from innumerable 
independent Alpine feeders.” We may assume that where the 
loftiest peaks occur, there is a proportionate intumescence of the 
general mass, and therefore that these grand peak-crowned ridges 
determine the essential character of the aqueous distribution along 
the entire line. A further proof is adduced from the fact that the 
lower rivers, which take their rise in the middle region, do not 
show this unitizing principle, such as the Bagmati and Ramganga. 
With regard to the mountain systems, Hodgson divides them into 
the lower, central, and upper; sub-dividing the first into the sand-. 
stone range with its contained Duns or Maris, the Bhabar or sci 
forest, and the Tarai. The lower region extends from the level of the 
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plains to 4,000 feet above the level of the sea; the central region 
from 4,000 to 10,000 feet; and the upper region to the watershed 
or ghat line : divisions which fairly correspond with the distribution 
of both organic life and inorganic matter. Though unable to follow 
Mr. Hodgson in all his theories and the deductions that he draws 
from them, credit must be given for his recognition of the position 
of the great mountain masses in regard to the alpine river basins 
and for his appreciation of the influence of climatic conditions on 
the animal and vegetable world. 


Captain (now General) R. Strachey, in his. paper on the Physical 
Geography of the Provinces of Kumaon and 
Garhwal, read before the Royal Geographical 
Society! in 1851, pointed out distinctly for the first time that the 
Himalaya was in truth the broad mountainous slope of the great 
Tibetan table-land descending to the plains of Northern India, 
while a.slope of corresponding character descending to the north is 
known as the Kuen-lun. He remarks that the great peaks in 
Kumaon and Garhwal “ave not found on a continuous ridge, but are 
grouped together in masses that are separated one from the other 
by deep depressions, through which flow the streams that drain 
those parts of the mountains that are immediately contiguous to the 
north.” To the east the same sort of arrangement obtains, but to the 
west it is much less distinct. The river-beds to within a distance of 
ten miles in a direct line from the snowy peaks seldom exhibit a rise 
of more than four or five thousand feet ; but when we cross “the line 
on which the great peaks are situated, the ascent very rapidly 
increases, and a very few miles carries the river-bed up to an altitade of 
nine or ten thousand feet ; thus showing that the sudden increase of 
height of the mountains along this line is not confined to the peaks 
alone, but is a general elevation of the whole surface.” Dr. Thomson* 
substitutes the name cis-Satlaj Himalaya for 
Herbert’s Indo-Gangetic chain, and gives the 
name trans-Satlaj Himalaya to the chain which, commencing in 
Kailds, separates the waters of the Satlaj from those of the Indus, 
He refers to these two great chains the whole of the mountains 
between the Indus and the plains, and says : “ The northern boundary 


1J.R. G. 8, XXI, p. 57: adopted in Somerville’s Physical Geography, 7th 
edition : London, 1877, p. 56 ? Travels, p, 456, 


Captain R. Strachey. 


Dr. T. Thomson. 
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of Tibet is formed by the great chain north of the Indus, to which 
Humboldt gave the name Kouen-lun”: and again, that every part 
of Tibet is traversed by mountains having their origin either in the 
trans-Satlaj Himdlaya or the Kouen-lun. So far the unity of the 
Himélaya-Tibetan region is acknowledged 
by this distinguished traveller. Major A. Cun- 
ningham' makes the Bare-lacha range, which forms the watershed 
between the Indus and its five affluents, the continuation of the main 
Himélaya or watershed between the Sanpu and the Ganges. To the 
south of this lies two distinct and independent ranges stretching in 
the same general direction from south-east to north-west, which he 
calls the mid-Himalaya, or Pir Panjal, and the outer or sub-Himé- 
laya, leaving the name Siwdlik unchanged for the lowermost sand- 
stone ranges. Beyond the Himdlaya the same system of parallel 
chainsis observed, comprising at least three distinct ranges of moun- 
tains, which Cunningham proposes to call the trans-Himalayan, or 
that which divides the head waters of the Satlaj from those of the 
Indus and extends to the western limite of Rongdo and Astor ; 
eecond, the Kailés or Gangri range which rans through the midst of 
Western Tibet along the right bank of the Indus to its confluence 
with the Shayok; and third, the trans-Tibetan range, also called 
Bolor and Kérakoram. These distinctions are 
however, purely local and geographical and 
are so far convenient and to be accepted. Captain H. Strachey, in 
his paper*® on the Physical Geography of Western Tibet, shows us that 
the Indian watershed is not the Great Himalaya as seen by the Indian 
observer, but is found in a succession of valley heads much depressed 
.and penetrating that mass to such a depth that the passes from India to 
Tibet are never visible from any station fairly south of the perpe- 
tual snow. The Turkish watershed divides the waters of Tibet from 
those of Turkistan, including Khoten and Kashgar. “Fhe general 
plan of the mountain system of Western Tibet appears to consist of 
a series of paralle] ranges ranning right across the breadth of the table- 
land in a direction so extremely oblique to the general extension of the 
whole as often to confound the one with the other, or to convert the 
transverse direction to a longitudinal one. Short transverse necks 


connecting the main ranges in some parts, and cross fissures cutting 
4 Ladak. p. 41. ? London. 1854. 


. Major A. Canningham. 


Captain H. Strachey. 
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through them in others, together with projecting spurs of a secondary 
order, will suffice to convert the supposed primary arrangement 
into all the existing variety of valley and drainage.**The great snowy 
peaks lying mostly on the terminal butt-ends of the primary ranges, 
sometimes widened by lateral spurs ; and the Tibetan passes crossing 
the low connecting links, whose alignment forms the main watershed, 
but not the main mountain-crest.” Sir H. Rawlinson’ recognises 
the unity of the entire mass, and writes 
that the “ whole country between India and 
Tartary may be considered as a broad mountain range, the Himalaya 
forming the southern crest, and the Kuen-lun the northern. The 
direction of this range is from east to west, trending to the north- 
ward, while the parallel chain which bounds Siberia to the south, 
and the outer crest of which is the Tian-shan, trends somewhat to 
the south ; so that at a short distance to the west of Yarkand and 
Kashgar the great interior depression of Chinese Tartary terminates, 
and the bounding ranges coalesce in the elevated table-land of Pamir.” 


We have now come to the theory set forth by Mr. Trelawny 
Saunders,* Geographer to the India Office, 
according to whom the summit of the Him4- 
Jaya consists of a double range of peaks enclosing a series of valleys 
running parallel to the axis of the mass, and which he would call 
the northern and southern Himflaya respectively. The first of 
the two forms the water-parting between the Ganges basin and 
that of the Sanpu. To the latter must be assigned nearly all the 
great snowy peaks which are seen from the plains of India, 
and which are separated from the former by the valleys already 
mentioned. These valleys are comparatively elevated, and at 
length burst through the southern range by intersecting gorges. 
Both Herbert and Hodgson are set aside, and the great peaks are 
described as forming a chain, broken at intervals by intersecting 
gorges. “The upper valleys of the Sanpu, the Satlaj, and the 
Indus appear to form a huge elevated trough separating the 
Himélaya from the northern part of the table-land of Tibet and from 
the snowy range into which the table-land contracts at its western 
end.” This range is crossed by the Muztagh, Kérakoram, and 


Sir H, Rawlinson, 


Mr. Saunders’ theory. 


‘England and Russia in the East : London, 1875, p. 236, 1 8ketch of the 
Mountains and River Basins of India: London, 1870, 
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and Changchenmo passes, and is remarkable for the great length of 
its glaciers and the great height of its peaks. The Indus forms its 
southern base as well as the northern base of the Himdlaya. The 
Indus, Satlaj, and Sanpu, “are the only rivers which, washing the 
northern base of the Himdlaya in channels parallel to the range, 
break through the entire breadth of the range and water the plains 
at its southern base.” The eastern base of the mountainous highland 
of Tibet is marked by the Min river, and on the north-east the slope is 
defined by the basin of the Hoang-ho. From the latter river west- 
ward to the Muztagh the Kuen-lan mountains descend to the plains 
of Gobi from the northern edge. These unite with the Himdlaya, 
Pamir, and Hindu Kush in the lofty peak or knot called Pusht-khar 
or Taghdambash. The accompanying map, prepared by Mr. Saunders 
for Mr. C. R. Markham’s Memoir on the Indidn Surveys, will 
illustrate better than any further quotations his views on the subject 
of the relations of the great mountain systems, as well as serve our 
own purpose. Mr. Markham!’ divides the Himdlayan system into 
three great culminating chains, which he calls 
the inner, central, and outer, ranning more 
or less parallel to each other from the gorge of the Indus to that of 
the Dihong. “The lofty region of Great Tibet lies mainly between 
the inner and outer range, with the central chain, whence most of 
the rivers of Northern India take their rise, running through its 
length.” The western extremity of his inner and most northern 
range is the Kdrakoram, which separates the Indus valley from the 
affluents of the Lob-nor system, and the eastern section is the Gangri 
mountains of the map, the Nyenchhen Thangla of Hodgson and 
Ninjinthangla or Nyenchhen-tang-la of Markham, which commences 
in peak or knot called Kailés. Parallel to the northern range runs 
the central range, the eastern section of which commences at the 
Mariam-la pass near the Kailas peak. ‘ Here a comparatively low 
saddle connects the northern and central ranges and separates 
the valley of the Satlaj from that of the Brahmaputra. To the east- 
ward the northern side of the central chain forms the southern 
watershed of the Brahmaputra, whilst on its southern slopes are the 
sources of many important rivers, which, forcing their way through 
the southern chain of the Himdlaya, eventually join the Ganges or 
1 Tibet, p. xxiii., 1876. 
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the Brahmaputra.” The southern chain is made up of the series of 
snowy peaks which, to the east, overhang Nepal, Sikkim, and Bhutan. 
Thus, Mr. Markham is at one with Mr. Saunders in his theory 
as to the Himdlayan system, only substituting the terms “ inner 
or northern, central and outer or southern,” for the terms “Gangri, 
northern and southern Himdlaya,” used by Mr. Saunders. 

A writer in the Calcutta Review' has taken objection to the 
creation of the southern chain, which, “being 
occasionally intersected by rivers of more 

remote origin, is not a chain at all, but a series of spurs running 
southwards from an extended line of elevation more to the north; in 
the neighbourhood of which the said rivers rise.” He also suggests 
for the whole system the name Indo-Tibetan, correctly urging that 
it is undesirable to give to the whole a name which belongs only to 
a part. He prefers simply to lay down two lines of watersheds, the 
northern corresponding for the most part with Mr. Markham’s inner 
range, and the southern extending from Childs by the Zoji-la, 
Baralacha, Niti, and No passes to the Laghalangla above Shikatse. 
He then examines the river basins and shows that Hodgson’s theory 
regarding them is in accordance with facts ; that these basins derive 
much of their water trom certain prominent peaks which, standing 
in advance—that is, southwards of the watershed—are connected 
with it, and from which ridges with dependent spurs project, that 
serve as lateral barriers to the basins. “The preponderating synclinal 
slopes of the ridges and spurs which overrule the effect of all 
other intervening inequalities of surface, however vast, cause the 
several groups of mountain streams between them to converge till 
“they unite and constitute a main river near the edge of the plains.”’ 
This is practically Hodgson’s law re-affirmed in the full light of all 
that modern research has shown us regarding the geography of 
Tibet, the Karakoram and Kashgar, a terra incognita to our early 
writers. 
Both Mr. Markham and Mr. Saunders have issued rejoinders 

Rejoinders of Mr. Mark- 9 the criticisms in the Calcutta Review in 

pamiand str, Saunders. two articles in the Geographical Magazine* 


a January, 1877, p. 145. 3 By Mr. C. R: Markham in May, 1877, and Mr. 
Saunders in July, 1877, Geo. Mag. IV, 113, 173, London. The other matters in contrc- 
ee vores the reviewer and Mr, Markham are omitted as foreign to the subject 
°. notice, 


Caloutia Review. 
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Mr. Markham chiefly confines himself to a defence of his use of the 
word ‘chain’ as applied to a series of culminating ridges, whether rivers 
force their way through its gorges or not ; but Mr. Saunders goes more 
fully into the entire question at issue between him and the reviewer, 
and supports his arguments by a re-statement of his views on the 
physical geography of the entire Himaélaya-Tibetan system. For 
this purpose he draws largely on his “Sketch of the Mountains 
and River Basins of India,” already noticed, in which the theory 
of the southern chain of snowy peaks was first developed; and 
whether we agree with his deductions or not, we must consider his 
summary as a valuable contribution to our knowledge of the 
subject. He recapitulates the arguments in favour of considering 
the line of snowy peaks a southern chain, and concludes that 
they are entitled to that name, “(1) as the culminating summit 
of the southern or Indian slope; (2) as the common origin of a 
succession of rivers; (3) as cut off from the northern range by a 
succession of remarkable valleys, sometimes very long, sometimes 
very deep, and sometimes very broad and flat, and all containing 
considerable rivers running parallel to the chains which they divide.” 
He objects to the inclusion of the mountain ranges on both sides 
of the troughs of the Indus and Sanpu under the term Himilaya, 
the northern watershed of those rivers composing the contreforts, 
buttresses and slopes or escarpments of the great central platean which 
they uphold and from which they cannot be separated. The table- 
land is Tibetan ; therefore its southern slope cannot be called Himfla- 
yan. The remaining portion of Mr. Saunders’ article will be noticed 
as we proceed. 

The latest contribution to the physical geography of the HimAlaya 
is to be found in Mr. H. Blanford’s Manual! 
and Mr. W. Blanford’s introduction’ to 
the “Manual of the Geology of India.” In the latter work, 
which may presumably be taken as giving Mr. W. Blanford’s 
conclusions on the subject, he considers the Himélaya to form a 
curved belt of mountains with their convexity to the southward 


which mark the southern scarp of the Tibetan plateau as the 


1 Physical Geography for the use of Indian Schools, Calcutta. * Calcutta, 
1879, L, ix. It sheald | be remembered that the term. ‘range’, is used here for ae om 
purposes which are not always the same as those intended by geographers, Its 
precise meaning depends on the context. 
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Kuen-lun define the northern. The western terminal portion of the 
Himélayan chain comprises a number of great ranges variously 
named. It is doubtful whether any of these “should be considered 
the prolongation of the main Himflayan axis, although, if any be 
really a continuation of the Himflaya proper, it is either the Pir 
Panjal or the Zanskar range.” Geological considerations would 
lead him to suppose that “the main range commences on the west- 
ward in the Dhauradhar near Dalhousie, and extends to the east- 
south-east till it rises into the main snowy range of the north- 
west Himalaya. Many geographers distinguish two parallel ranges 
from the neighbourhood of Simla to the eastward; the snowy 
range proper, formed of the highest peaks (Saunders’ theory), and 
a more northern ridge, forming the watershed between the Tibetan 
plain and the rivers running to the plains of India. Others consider 
the latter to be the true Him@layan range, and look on the higher 
peaks as belonging to the spurs between the rivers flowing from 
that range. It is certain that the great peaks, such as Nandadevi, 
&ec., are separated from each other by deep valleys, through 
which flow streams coming from the northern range, and that, 
although the peaks of the latter are inferior in elevation, the 
passes by which it is traversed are much higher; but it has not 
yet been ascertained whether the great peaks are on the strike of 
any continuous band of rock, or whether they merely consist 
of hard nuclei left undenuded.” There is little doubt that, until 
the geologist is able to assist us, the question whether the line of 
snowy peaks should be considered a true chain or merely spurs 
from the main water-parting must be left undecided. Though year 
by year fresh materials are added to our stock of knowledge regarding 
the Himélaya, they are yet too imperfect for us to offer little more 
‘than a suggestion as to the views that should be adopted regarding its 
structure. A glance at Mr. Saunders’ map will show us the vastness 
of the subject, and that the Himflaya of Kumaon and Garhwil, 
with which we are more immediately concerned, is but a very 
small portion of the great girdle of snowy peaks that uphold between 
them the elevated plateau of Tibet. Herbert showed us that this 
girdle, as seen from the plains of India, is not a continuous line of 
parallel ranges rising one behind the other, and increasing in eleva- 
tion until the series is closed in the farthest distance by the line of 
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snow-clad peaks; but that these peaks or groups of peaks are 
ramifications from the line of water-parting which itself is lower than 
the line of greatest elevation. Hodgson subsequently explained the 
influence of these groups of peaks on the river-systems, and Captain 
Strachey showed us that the Himflaya was the southern slope of 
the Tibetan plateau as the Kuen-lun formed its northern slope. 
These are, broadly, the more important additions to our knowledge 
of the physical geography of the Himflaya that have been made of 
late years. To our mind the recognition of the unity of the entire 
Himélaya-Tibetan system is the most important of them all, and that 
alone which will leed to practical results. The division of the 
HimAlaya into ranges may be allowed as a matter of convenience, but 
should not be permittéd to cloud the great fact that all are but varia- 
tions in the southern slope of the great table-land due to the influ- 
ence of the elements on the materials of which they are composed, 
and to the disturbing action of subterranean forces. We can lay 
down the line of water-parting and the line of greatest elevation 
with some precision, but must call in the aid of the geologist and 
mineralogist to distinguish which amongst the ranges is entitled 
to be called the real main axis of the HimAlaya; and, until their 
labours are communicated to the world, must rest contert with the 
somewhat arbitrary distinctions afforded by the prominence or other- 
wise of existing physical features. 


Seeing the misunderstandings that have arisen from a too loose 
use of words and phrases, it will be as well 
to state here that we adopt the word ‘ water- 
parting’ to represent the ridge which separates the flow of water on 
either side of a range of hills. The word ‘range’ will inolude a 
series of mountains or hills continuing in one direction along a 
common axis, whether broken by chasms or not ; and the word ‘spur’ 
will be used of a ramification from a range, whether connecting it 
with another range or sinking gradually into a plain. 

The great mountain chain lying between Tibet and the plains of 
India is generally known to the natives of India by the term pahdr 
(mountain), to which they prefix the local name where such exists. 


Nomenclature 


1The use of this word in this sense is one of the subjects of controversy 
between the Calcutta reviewer and Mr. Markham, The former (p. 147, note) 
objects that the old word ‘ water-shed’ is sufficient, 
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The more educated give the name Himachal! (snowy-range) or 
Himflaya (abode of snow) to the snow-covered ranges ; whilst-Euro- 
peans popularly include under the name Himalaya the entire moun- 
tainous region lying between the gorg of the Brahmaputra on the 
east and that of the Indus on the west, and between the upper 
valleys of the same rivers on the north and the plains of India on the 
south. A first glance at any good map will convince us of the 
general unity of the physical relations of the range within the 
limits commonly assigned to the Himalaya, whilst a closer examina- 
tion will induce us to include much more. For our part we accept 
the popular definition of the HimAlaya as extending from the gorge 
of the Indas on the west to that of the Brahmaputra on the east, 
and from the upper courses of the main branches of those rivers 
on the north to the plains of India on the south, speaking of its 
cannections beyond those limits as the western and eastern extensions 
respectively. 

It will materially aid the reader if we farther preface our remarks 
with a short description of the ethnical and 
political divisions of its surface, and of the 
regions in immediate contact with it. We have arrived at some idea 
of the physical relations of the tract itself, and shall now, at the risk 
of being thought diffuse, endeavour to trace the ethnical affinities of 
its inhabitants. Commencing, then, with the plain on the south, we 
find the provinces of British India flanking the foot of the Himalaya 
along its entire length from the 96th to the 72nd meridian of east 
longitude. Following the direction of the Him&laya from east to 
west, we find in Upper Asam a number of tribes speaking different 
languages and dialects, and so intermixed and blending the one into 


1 The word Himéchal ( fenraat ie derived from two Sanskrit words, ‘ hima’ 
(snow) and ‘achata’ (mountain), meaning ‘snowy-mountain’ or ‘snowy-range. 
Similarly the word Himdlays ( FeATTA ) is derived from ‘hima’ and ‘alaya’ 
(abode), meaning the ‘home’ or ‘abode of snow.’ The proper pronunciation is 
therefore Him-é-lay-a, rot Him-a-léy-a as commonly obtains. The plains-men speak 
of the Simla-vahdr, the Mansuri-pahér, and sometimes of the snowy-range as the 
barf (ice)-pahdr. “The people south of the Himdlaya in “Nepal call all snowy 
mountains laagar, by which they mean the highest points. They call the peaks 
that have no snow banjang, and the low ground under the said banjang they call 
phedi, The term Himdlaya is not used by uneducated people, who only talk of 
the snowy mountains as ‘ barfinl langar,’—G. T, S, Rep.. 1872. p. 46, 


Ethnical sketch. 
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the other that, beyond a mere cursory description, their classification 
cannot be attempted here. In the extreme north-east they are 

Plains of Asim and allied with or are members of the tribes inha- 
Dengal. biting the neighbouring hills, of whom more 
will be said hereafter. They speak a language having an affinity 
with the great Barma-Tibetan group, and are mere pagan savages. 
Along either side of the Brahmaputra in ita course through the valley 
we find the settled tribes of Asim speaking a language akin to Bengili. 
Though differences exist they so closely resemble in habits and 
character the people of the conterminonus parts of Bengal that it is 
difficult to draw a strict line of severance between them without 
entering inte long historical and ethnical discussions quite out of 
place here: many that are now Hindu or Musalman Bengalis in all 
outward appearance can be shown to be converts in recent times 
from the pagan tribes in their neighbourhood of unmistakably 
aboriginal origin. The people of Bengal, the flat alluvial plains of 
which lie along the lower courses of the Ganges and Brahmaputra, 
exhibit all the features characteristic of a race inhabiting a region of 
tropical heat and moisture. They are small in stature, of dark com- 
plexion, and effeminate in character, living chiefly on rice grown in 
the lowlands subject to an’.ual inundation. Their dress is of the 
scantiest proportions, consisting chiefly of one or two pieces of cotton 
cloth simply wrapped around their waist and shoulders, and not 
wrought into any form of garment. Their heads and feet are usually 
left bare. Their houses, constructed of mats, lie scattered amongst the 
thick groves of bambus and palms that spring up in wild luxuriance 
on the uncultivated ground. 


As we ascend the Ganges,' we find a drier climate with greater 
contrasts between the summer and winter 
temperature, and a taller, more manly, and more 
robust race, of whose food the millets and unleavened bread of wheat, 
barley, and other grains form the principal element. Thoir clothing 
is more elaborate and warmer than- that of the Bengali. All wear 
turbans, and those who can afford it have short jackets fastening on 
the right breast in the case of Hindus, and on the left breast in the 
case of Musalmins. Their houses are built of mud and are either 


1 This account of the Hindus in the plaine is partly based on Elphinstone and 
Notes by General K. Strachey. 
3 
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tiled or thatched in the villages, but in many of the towns very small 
bricks are used in the construction of the better class of dwellings. 
The country is open and unenclosed, and almost the only trees are 
groves planted near towns and villages, with occasional patches of 
dhék (Butea frondosa) and babul (Acacia arabica) jangle. The peo- 
ple are mostly Hindu in religion and speak dialects of Hindi. On 
approaching the Satlaj the language passes into Panjabi, also Sans- 
kritic in its character, and we find the religion of the Sikhs the seal 
of the double dispensation of Brahma and Muhammad." To the west. 
of the Panjab, or country of the five rivers, the religion of Islam 
predominates amongst a motley group of tribes of very varied origin. 
The name Hindustan, which is more correctly applied to the north- 
ern Gangetic districts alone, may without impropriety be used so as 
to include the entire tract below the Himflaya. Intersected by the 
innumerable streams that flow from the mountains above it, watered 
by the copious falls of periodica] rains, and enjoying a semi-tropical 
climate, the great unbroken plain is thus supplied with the two great 
requisites, heat and moisture, that are the necessary and certaia agents 
for the development of vegetable life. We naturally, therefore, find 
an agricultural population often in the older settled parts extremely 
denso, and attaining to no small degree of civilisation. Cities 
and large towns are common, many with a population of over 50,000 
souls; and the inhabitants, without coming up to a European 
standard, enjoy considerable wealth. Literature, both indigenous 
and of European origin, is cultivated ; schools are numerous, 
and the useful arts are highly advanced and eagerly followed. 
The hot climate which induces a love of repose and fertility of soil 
which renders severe labour unnecessary has, in some measure, 
modified the habits of pafient industry which are usually character- 
istic of an agricultrral population ; but the dislike to change which 
marks those communities in all parts of the civilised world is 
nowhere more strikingly exhibited than in Hindustén. The great 
wealth of the country and its open and easily acce ‘ble character, 
together with the insuperable obstacles to union presented by 
differences in race and caste, have, for many centuries, subjected it to 
the reiterated attacks of foreigners. With very few exceptions all. 
truly national government has ceased to cxist; and from what little 
‘Cunningham, History of the Sikhs. p. 13, 
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we know regarding it, the people have small cause to regret the 
successive changes of masters. India hus never had in the whole 
course of its history so strong, universal, and just a government as 
it has enjoyed under the British since the memorable mutiny of 
1857. Englishmen may well point with just pride to the lengthy 
catalogue of measures attesting true moral and material progress 
that have been introduced during the last quarter of a century, and 
have been assimilated by the people to such a degree that the advance 
—political, moral, and social—made has eclipsed all that had been 
previously effected under British rule. 


Taking the people of the plains as a whole, their clothing is 
ie Gia aed cotton and their food is vegetable, though 

; Musalmans and some Hindus eat meat and a 

few eat fish. The dress of the men, as a rule, is white, though they 
often wear coloured jackets ; the women, who have no other covering 
for their heads than a corner of the cloth that they wrap round 
their bodies, frequently wear bright colours, usually indigo blue, 
Turkey red, or safflower yellow. The Hindus preserve their mous- 
tache, but shave their beards, and frequently their heads, except 
a small scalp-lock, whilst the Musalmians allow their beards to grow. 
The seclusion of women seems to be a custom introduced by the 
Muhammadans, but amongst all religions and races in Hindustan 
the position of females is essentially inferior to that of the other sex, 
with whom they do not mix in society. Marriages are almost 
always contracted in childhood, and the betrothed bride is always 
under the age of puberty. Amongst Hindus, a dowry is given with 
the daughter, though the practice of accepting a sum of money for 
a daughter is in many parts of the country gaining ground. Female 
infanticide has been rife in the Gangetic districts of Upper 
India, due to the disgrace supposed to be attached to the expression 
‘father-in-law,’ as well as to the great expenses ordinarily consequent 
on the marriage of a daughter. The education of women is 
absolutely neglected, and the efforts of Government in this direction 
have proved a total failure. The men, however, for the most part, 
amongst the classes above those actually engaged in the cultivation 
of the soil, can read and write, and even the men who have not 
acquired those attainments possess the power of mental calculation to 
a remarkable degree. The Brahmanical faith is with few exceptions 
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dominant throughout Hindustin. The Musalmfns are, however, 
numerous everywhere, and in some districts are in the majority. 
They belong chiefly to the Suni sect, but Shiahs are also found 
in certain tracts where the influence of powerful families of their 
persuasion has been felt. The peculiar modification of Hinduism 
adopted by the Sikhs is chiefly confined to that portion of the Panjab 
which lies east of the Chinib. To the west of that river, the great 
mass of the population is Muhammadan. Taking the people of the 
Panjab proper, excluding Peshawar and the trans-Indus districts 
attached to the Leia and Multan divisions, we have a population of 
ten millions, of whom seven-twelfths are Musalmans, four-twelfths 
are Hindus, and one-twelfth are Sikhs. Distributing them accord- 
ing to race, General Cunningham! makes 3 per cent. of so-called 
early Turanian origin, 27 per cent. Aryans, and 70 per cent. later 
Turanians. 

We shall now consider the ethnical and political divisions of 
the Himflaya itsclf, proceeding in the same 
direction from east to west. At the extreme 
east we have the same races speaking a Barma-Tibetan language that 
we found in the plains, but a line drawn north and south across the 
Brahmaputra, in the general direction of the Dhansiri river, and 
continued southwards so as to leave Kachir to the west of it, would, 
according to Hodgson, divide them from the Alpine races of more 
pronounced Tibetan stock, as well as from the so-called aboriginal 
tribes of the central Himélaya. These Barma-Tibetan tribes are 
known as Abors, Bor-Abors, Daphlas, Akas, Mishmis, Miris, &c., and 
their communities are reported to have a sort of rough republican 
constitution. This conjecture of Hodgson appears to be supported 
by the result of the most recent investigations, 


Eastern Himdlaya. 


The country lying on the Taw4ng route by the Dhansiri river 
from Asim to Chetang in the valley of the 
Sanpu, in the 92nd meridian of east longitude, 
has been traversed by one of the Pandits of the Great Trigo- 
nometrical Survey, from whom we learn that to the east of that line 
the Himalaya is inhabited by Lhoba Daphla tribes.*. These men are 
remarkable for the abnormal development of the muscles of the arms 


and calves of the legs. They wear cylindrical-shaped hats made of 


1 Cunningham's Arch. Rep., IL, 2, 4. 16ce section A, of references 
attached to this chapter, 
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bambus, and their only garment is a long blanket folded somewhat after 
the fashion of a plaid and fastened round the waist by a cloth girdle, 
which is used os a quiver for their arrows, which all carry, as well as 
a bow slung over their left shoulder. The greater part of their legs 
and arms is bare. They wear no boots, but ornamental rings made of 
rope, fastencd very tightly both on the wrists and legs below the knee. 
They have a decided Tibetan caste of feature, high cheek-bones, and 
Chinese-looking eyes. They wear no hair on the face, but the hair of 
the head is allowed to grow to a great length, and ie drawn together 
behind the head and then allowed to hang down.’ They appear to be 
distributable into two groups—those living in the great rice country 
to the north on the banks of the Sanpu, called Lho-khdls, and who are 
independent of the Lhasa authorities; and the Shiyfr Lhobas, a wild 
race who inhabit the country through which the great river flows to 
Gaya, Asim, and who may be identified with the wilder tribes of 
Mishmis. The Mishmis are distributed into three great divisions com- 
prising numcrous clans—the Chulikata or crop haired, the Midhu, 
and the Digdru, each of whom have a separate dialect, and the last 
reside within British territory along the hills as far west as the Digéra 
river. The Abors or Padams inhabit the country to the west of the 
Dibong river. They are described by their neighbours as exceed- 
ingly fierce and blood-thirsty : “like tigers, two cannot dwell in the 
same den. Their houses are scattered singly or in groups of two 
and three over the immense extent of mountains inhabited by them.” 
They manufacture the weapon called dao, and weave coarse cloth, 
which with manjit, beads, bell-metal cooking vessels, female slaves or 
rather wives, and the breed of cattle called mithans, are exchanged 
for salt and coarse cloth imported by the Miris from the plains. 
The Miris are moro civilised than the Abors, and dwell in villages 
both in the hills and plains. The Akas or Hrussos live between 
the Miris and the Daphlas on the upper waters of the Sundari, 
and call themselves Tenae. The women of the Akas wear blue or 
black petticoats and jackets of white cotton of their own manufacture. 
Their faces are tattooed, whence the name “ Aka” given them 
by the people of Asim. The males wear a girdle of canework 
painted red, which hangs down behind in a long bushy tail. Their 
siaple food is rice, but everything edible is made use of The 
1Q, T, S., 1873, p. 70, 
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Daphlas belong to the same stock, and all are mcre pagan savages, 
debased, cruel, and treacherous, though in the last respect the Akas 
have a somewhat favourable report. 


To complete our review, we shall diverge to the south of the 
Tribes of the southern Brahmaputra and briefly notice the tribes 
water-shed. inhabiting its southern water-shed.' In the 
extreme east we find the Khamtis or Shans, a tribe linguistically 
allied to the Siamese and Buddhists in religion ; next we have the 
Singphos, or Kakhyens, and the Jilis, on the northern slopes of the 
Patkoi range, both of whom are pagans and speak a language 
intermediate between Barmese and Tibetan. Further west come 
the Négas, who are distributed into three great classes—the Namsang, 
Khari, and Angimi. They are the most numerous of all the pagan 
tribes to the south of the Brahmaputra, extending from the Kopili 
river in the meridian of Nowgong on the west to the meridian of 
Sadiya on the east. They bury their dead and appear to manage 
their affairs in a sort of republican assembly. The Kopili river 
separates the Nagas from the Khasiyas of the Jaintiya and Khasiya 
hills around Shillong. The Khasiyas appear to be an isolated group, 
speaking a monosyllabic language which cannot be classed with any 
other of the same family. The form of government is 1:epuablican 
and the religion is mere paganism. To the west are the Giros, who 
also are pagans, though their language has affinities with the Aryan 
dialects spoken on the north, south, and west. The language, 
however, has a Tibetan basis, and Hodgson would include it in the 
Bodo group, of which more hereafter. South-west of the Nagas come 
the tribes of the Manipur, Lushdi, Tipura (Tipperah), and Chitta- 
gong hills. From McCulloch and Damant we learn that there are 
numerous dialects in Manipur, and that the principal has a character 
of its own derived from the Néguri. The inhabitants have adopted 
the Brahmanical faith. The people further west are known as Kukis, 
and appear to speak four dialects of a common stem-language :—~ 
the Lushdi spoken by the Dzos of the Lushd4i highland, the Thadu 
in northern Kachar, the Kuki in the same district, and the Hallami 
in the Tipura hills, The KGkis are pagans, hut are gradually yield- 
ing to the influence of their Brahmanical neighbours, as indeed are 
all the pagan tribes similarly situated in the Asim valley. We shall 
} See section B, of references attached to this chapter, 
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now return again to the tribes inhabiting the Himélaya to the west 
of the Dhansiri river. 

The whole country along the Téwing route from Asdm to the 

shea head of the valley leading down to Chetang 
on the Sanpa is under the rule of the Lhisan 
Jongpen of the Chona Jang. The Lamas of the great lamasery of 
Tawang, however, own the country to the south of the range of hills 
which form the water-parting between the T&whng and Dhirang 
valleys, and are entirely independent of Lhisa. They manage all 
public business in an assembly of the principal Lamas, called the Kato, 
which is also the supreme court of justice. To the north, near the 
Chetang valley, the elevated highlands are occupied by nomad tribes ; 
but to the south, in the Mon-yul or Sab-Himflaya, the country within 
which Tawing is situated, the people are called Monpas or Hill Indians, 
and differ materially in langnage, dress, and manners from the Bod- 
pas, or people of Bod-yal to the north of Chona. The Monpas 
resemble the inhabitants of Bhut4n on the west. They wear their 
hair closely cut round the head, not in plaited tails as in Tibet, and 
as a covering have a small skull-cap of woollen cloth or felt. Instead 
of the long gown of Tibet a short coat is worn which reaches to the 
knee, and is fastened by a woollen girdle that invariably holds a 
long, straight knife. The people keep cattle, sheep, and pigs. Thus, 
the line drawn north and south by the Dhansiri river passes through 
this wedge of Tibetan territory, separating the Barma-Tibetan tribes 
on the east from those who have a more pronounced Tibetan origin 
in the certral Himalaya and the so-called aboriginal tribes of the 
lower Himdlaya on the west. Hodgson assigns to the latter the 
name Tamulian, but it cannot stand, involving as it does linguistic 
and ethnical associations which modern research has failed to 
eatablish. 

To the west of the Dhansiri river we have the countries of Bhu- 
tén, Sikkim, and Nepél, all of which possess 
a more or less established form of govern- 
ment.! Mauch has been written regarding the people inhabiting those 
countries which we can but very lightly touch upon here. The 
entire tract may be divided into three great belts,—the elevated region 
beyond the snowy rmge that is visible from the plains, varying 

3 Sce section O. of references attached to this chapter. 
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from 10,000 to 16,000 feet above the level of the sea; the central 
region, varying from 4,000 to 10,000 feet ; and the lower region, 
extending from the plains to 4,000 feet." To the central region are 
confined the Lhopés, Lepchdés, Limbus, Kirdntis, Murmis, Newars, 
Sunwérs, Chepangs, Gurungs, Magars, and Khasiyas. To the lower 
regions belong the Koch, Bodo, Dhimal, Kichak, Tharu, Denwar, 
and Pallah tribes. The inhabitants of the central region belong to 
a comparatively recent Tibetan immigration, whilst those of the 
lower region, the so-called Tamulian aborigines, are apparently to 
be ascribed partly to an early Tibetan immigration and partly to 
an Aryan source. To the north, along the entire line of ghats from 
the 92nd meridian to the Jumna, we find the Bhotiyas or Bod-pas 
of pure Tibetan origin and Buddhists in religion. Bhutan, the 
Lho-pato, Lho-duk, or Lho-mon of the Tibetans, is also a Buddhist 
country, as well as Sikkim, the Demojong of the Tibetans. Nepdl, 
called Palbo by the Tibetans, is partly Buddhist and partly Brah- 
manical in religion. In the central Himalaya of Bhutén and Sikkim 
we find the Lhop&4s, Lepchés, and Limbus. The name ‘Lhopa’ 
seems to be a generic term signifying the people of Lho or Bhutén, 
as ‘Bod-pa’ means a person of Bod or central Tibet, and ‘ Kham-pa,’ 
a person of Kham or eastern Tibet. So also the term ‘ Dok-pa’ is the 
religious equivalent of the territorial term ‘Lho-pa.’ The Lepchas 
extend from Pandkha in mid-Bhatan on the east into eastern Nepal 
on the west. They are divided into the Rong and Khamba tribes. 
The women of both divisions wear a loose coat of the fibre of 
the silk-worm that feeds on the castor plant, or of unbleached 
cotton with a wrapper of the same material around the waist 
to form a petticoat. The men wear a robe of striped red and 
white cotton cloth crossed over the breast and shoulders and 
descending to the calf of the leg, leaving the arms bare ; a loose 
jacket of red cotton cloth is worn over the robe by those who can 
afford it, and both are bound round the waist by a red girdle. 
Some strings of coloured beads round the neck, silver and coral 
earrings, a bambu bow with a quiver of iron-pointed arrows, 
and a long knife complete their costume. This knife, called 
‘ban’ by the Lepchas and ‘chipsa’ by the Bhotiyas, is worn on 
the right side, suspended from the left shoulder, and serves as 
1 Better known as Hodgson’s belts, 
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an axe, hoe, spade, sword, and knife. The Lepchis eat any 
flesh of bird or beast, all cultivated and many wild grains, and 
drink beer and tea. They are Buddhists in religion. Their 
language, though allied to Tibetan, is not Tibetan, and has a 
character of its own. They bury their dead; though the Murmis, 
a tribe of the same country, first burn their dead and then bury 
the ashes. The Lepchds are short in statare, averaging about 
five feet, bulky for their height, and rather fleshy thar sinewy. 
They have a fair. complexion, pleasantly marked Tibetan features, 
and part their hair along the crown of the head. Both sexes 
allow it to grow long; the younger males allow it to hang loose 
over the shoulders, whilst the elder males and women plait it into 
tails, and the latter tie the ends with braid and silken cords and 
tassels. Like all Buddhist hill-tribes they are very filthy in their 
habits, ablution being unknown. 

The Limbus are an important tribe of the central HimAlaya, 
found between the Tista on the east and the 
Dudh-Kosi on the west. The word ‘Limbu,’ 
according to Dr. Campbell, is a corruption of the term ‘ Ekthuamba,’ 
the correct name of this people, and used generally to designate 
the whole population of this portion of the Himalaya not included 
amongst the well-known divisions, such as Lepchés, Maurmis, 
Bhotiyas, and Parbatiyas. Under the name Limbu are incladed 
the Kirintis or Kirftis, Ekas, and Riis, and their country is 
divided into Kiriti-des from Dudh-Kosi to the Aran and Limbua 
from the Arun to the Konki river, which leaves the NepAl hills 
about twenty miles to the west of the Mechi river, Further east 
and west they occur only in small colonics. Hodgson records the 
vocabulary of seventeen dialects of the Kirdti language, none of 
which are referable ta the written Tibetan or Hindi. They are 
pagans in religion, though willing to pass themselves off as 
followers of Hinduism or Buddhists where those religions prevail. 
Their features, the absence of a heard, and tho culour of their 
skin, all show them to be of Tibetan origin. The Limbu wears 
his hair long, but does not plait it; he carries a kukhri or curved 
knife instead of the ban, and has a wide trousers and jackct instead 
of the robe and long jacket of the Lepcha. Both tribes are found 
at elevations of from 2,000 to 4,000 fect above the level of the sea, 
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The Hayus or Vahus prefer the lowest elevations in the valleys, 
Nepél. and occupy the central and lower ranges 
of the mountains of eastern Nep&l between 

the Arun river and the Konki. They are found mixed with the 
Eka division of the Limbus, but possess clearances and villages 
of their own. They differ from all around in language, religion, 
and habits, and are esteemed an outcast race by the Gur- 
khélis. They do not intermarry or hold intercourse with other 
tribes. The Brambus, similarly placed in the Noakot valley to 
the west, speak a Barma-Tibetan dialect and are also pagans. 
The great bulk of the Murmis are found between the Nepal 
valley and the Didh-Kesi, whence in smaller numbers they extend 
to the Tista on the east and as far as twenty miles west of Kath- 
mandu on the west. They are divided into two classes: one 
from the Ni district in Tibet, and the other from the Tsang dis- 
trict ; hence the generic name Nitsang or Nishang applied to the 
whole tribe. They prefer elevations of from 4,000 to 6,000 feet 
and engage in pastoral and agricultural operations, living in cottages 
built of stone and thatched with grass. They are Buddhists in 
religion and their language is akin to Tibetan. In their physical 
traits they resemble the Lepchis, though somewhat taller. The 
Newars compose the majority of the inhabitants of the Nepal 
valley, but are not numerous beyond its limits. They are a shorter 
race than the Qurkhilis, and their appearance betrays their 
transmontane origin: The greater namber are Buddhists, and the 
remainder profess the Brahmanical faith. They possess a written 
character of their own and speak a distinct dialect, though the 
Buddhist portion also use Tibetan, in which their religious books 
are chiefly written. In the forests to the west of Nepil, close to 
the plains, we have the wild tribes known as Chep4ngs and Kusundas, 
the former clearly akin to the Rajis of Kumaon. They speak 
a language allied to that of the Lhopés of Bhutin. In the same 
direction are the Hinduised tribes of Khasiya, Magars and Gurungs, 
-generically known as Parbatiyas. They speak a language having 
a Tibetan basis, and into which many Hindi and Urdu vocables 
have been introduced. The Gurungs, like the Murmis, prefer 
elevations of 6,000 feet, and are partly pagan and partly Hinda in 
religion. The Magars are entirely Hindu in religion, and to them 
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belong the Thapa clan so famous in later Nepélese history. Both 
these tribes supply numerous recruits to the regiments in the 
British service, and to this is probably due the Indianised form of 
their speech. North of them we find the Sunwars, and on the west 
the Thaksyas (Thakuris ?), and on the east the Pahris. Vocabularies 
of the languages of these tribes have been preserved by Hodgson. 
The Gurkhélis speak the Hindi dialect called Nepflese Khus 
or Parbatiya. In summer they wear a sort of pantaloons called 
pdejémas and a jacket or coat of white or blue cotton, and in the 
winter the same padded with cotton or lined with far and fastened 
by a cotton girdle, which invariably holds the heavy, crooked knife, 
called kukhri. Turbans of dark cloth or loosely-folded cotton are 
used as a head-dress, or small tinsel, embroidered skull-caps. The 
Newars wear a waist-cloth of cotton and a jacket of the same, or 
some woollen materials. Some adopt the Tibetan costame of fall 
short trousers, a long tunic, and a far-edged cap. The head-dress 
is a small skull-cap of black or white cloth thinly wadded with 
cotton and generally turned up an inch or so at the border. The 
dress of the other inhabitants of Nepal differ little from that already 
described. The women of the Newars wear their hair gathered into 
a short thick club at the crown of the head, whilst others have it 
plaited into a long tail. Flesh is much more commonly used by all 
classes than in the plains. The lower classes drink a coarse fermented 
stimulant called rakshi, and the higher classes, when they can afford 
it, consume large quantities of tea. 
Taking now the tribes inhabiting the lower Himilaya to the 
Tribes of the lower uorthof the Brahmaputra, we find on the 
HimAlsya. extreme east the Deoriya Chutiya, the 
remnants of a powerfal tribe, who though Hinduised in religion 
preserve their old language, which is affined to the Barma- 
Tibetan group. Next come the Dhim4l, Kachfri or Bodo, and 
the Koch. Hodgson tells us that in travelling between Gwalpara 
in Asim and Aliganj in the Morang Tarai of Nep&l one has 
to pass through the country of the following tribes :—the Koch, 
Bodo, Dhimal, Rabha, Hijong, Kudi, Batar or Bor, Kebrat, Pallah, 
Gangai, Marahi, and Dhanuk. The Rabha, Kidi, Hajong, Mech, 
Garo, and P&ni-koch, are all affined to the Kachari or Bodo 
type. The last six of Hodgson’s list are doubtful and undefined 
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and require further investigation. The Dhimals are found in 
the sdl forest between the Konki and the Tarsa, mixed. with the 
Bodos, but without intermarriage and living in separate villages. 
The Bodos extend from the Surma to the Dhansiri, and thence by 
Bijni and the Bhutan and Sikkim Tarai to the Konki; besides 
occupying outside the forest limits a large proportion of central and 
lewer Asim.' The Rabhads and Hijongs are found in the Gwalpara 
district and are Hindus, whilst the Pini-koch occupy the tract along 
the foot of the Garo hills and are still pagans. The Dhimils and 
some of the Bodos, Kochs, and Mechis are still pagans. The last- 
mentioned tribe is found all along the Tardi with the Kochs and 
Dhimals. Their dialect and religion differ from those of the neigh- 
bouring tribes of the hills and plains. They are fairer than the 
Kochs and have strongly marked Mongolian features, but softer 
than those of the Lepeha or Limbu, resembling more the Newiars 
than the other hill-tribes of Tibetan origin. They live at elevations 
between 800 and 1,000 feet, and almost always keep to the forest, 
where they make temporary clearances. Their religion is connected 
with the Bhairava form of Sivaism. The Koch tribo is now nearly 
completely converted to Islim or Brahmanism, and with their 
conversion have dropped their old name and langunge, speaking a 
corrupted form of Bengéli, in which, however, many of the ancient 
vocables are retained. The P&ani-koch, according to Hodgson, 
represents the unimproved primitive Koch stock; but Dalton 
considers them a plains tribe driven upwards by the Aryan invader. 
Hodgson estimates the number of all religions at over a million 
souls. The settled Koch assimilate in their food and clothing with 
the Bengalis, and show no marked differences. The Bodo women 
wear garments of coarse silk, the produce of the worm that feeds 
on the castor-plant. The Bodo men and Dhimials of both sexes 
wear cotton clothes. The men wear one cloth thrown over the 
shoulders and another wrapped round the waist and drawn up 
between the legs. The female garment consists of a cloth wrapped 
around the body and enveloping it from the arm-pits to the centre 
of the calves. Wooden sandals are worn, but ornaments are rare, 
though the women sometimes wear small silver rings in their noses 
and ears and heavy bracelets of mixed metal. Meat, fish, and 
4 Sec Hodgson’s Adorigines of India, p. 151, 
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vegetables are eaten by all, and beer made of rice or millet is o 
favourite beverage. Thirus and Denwars are found westwards in 
Nepél mixed with the Mechis, and especially the former in the 
malarious tract in the Gorakhpur and TirhGt Tarhis along the foot 
of the mountains where no other human being can live. They, 
however, scem to be healthy, robust races. 

The maxzs of the people of the Doti district of Nepal and the 
British district of Kumaon belong to the race 
generically known as Khnasas or Khasiyas. 
In Garhwil they are more mixed, though the difference is scarcely 
discoverable. The northern inter-Alpine valleys are, however, 
inhabited by Bhotiyas, who are decidédly of Tibetan origin. 
Amongst the Khasiyas there is a great admixture of immigrants 
from the plains, and most of the better classes look down with 
contempt on the purer members of the Khasiya class, who appear 
to represent the oldest inhabitants of these hills, though now much 
modified by centuries of close connection and intermarriage with 
the more civilized tribes of the plains. Throughout Kumaon, the 
Kyunam of the Tibetans, the inhabitants dress and eat like those of 
the plains, the only difference being that to the north woollen 
materials find more favour, and there is greater license in matters 
of food and drink. In Garhwal, which is known as Galdiya to the 
Tibetans and to the north as Chongsa, garments made of hempen 
fibre are common amongst the poorer classes. The language spoken 
throughout is pure Hindi, though for purposes of trade the Bhotiyas 
also use Tibetan, and amongst themselves speak a dialect of Tibetan 
origin. In the land of marsh and forests which borders the plains 
we find the Thfrus in the eastern 'Tarfi and the Bhuksas, a tribe of 
similar character, occupying the tract between Puranpur-Sabna in 
the Bareilly district and Chandpur in the Bijnor district. The Rijis 
in eastern Kumaon are akin to the ChepAngs of Nepal, and the 
Luls and Rawats of the same tract are now absorbed in the Hinduised 
population. 


Karndli to the Tons. 


To the west of the Tons we have a number of petty independent 

states known as the “ protected hill-states,”’ 

followed by British territory. Amongst the 

former the most important is Bisahr,' of which the northern part, 
1 See section D. of references attached to this chapter, 


Bisahr, 


30 HIMALAYAN DISTRICTS 


called Kunawar, or more correctly Knaor, the Kunu of the Tibetans, 
marches with Tibet. The people of upper Knaor are of Tibetan 
origin and Buddhists in religion, and correspond to the Bhotiyas 
farther east. Buddhism extends down the valley of tke Satlaj as 
far as Sarahan, between which and Pangi is a sort of debateable 
ground common to Hindus and Buddhists; but north of Pangi 
Buddhism prevails, and south of Sarahan, Hinduism. With our 
approach to these Buddhist countries the curious custom of poly- 
andry appears. Commencing in north-western Tihri, we trace 
it through Bisahr and Léhul, but find it confined to the inhabitants 
of the valleys of the central and higher ranges professing both 
the Buddhist and Hindu religions. The central tract is inhabited 
by a fair, slight, and muscular race of mixed origin knowr as 
Kunets, and akin to the Khasiyas on the east. To the south, 
in the portion adjoining the plains, the people resemble the 
inhabitants of the lower country, and appear of every shade of 
colour from dark-brown to a tawny yellow or yellowish-white. The 
hair is black and worn long at the sides and back of the: head down 
about the ears, where it is cut short. The crown of the head is 
shaved bare, but moustache and beards are worn. The dress is 
a short coat of coarse cotton reaching to the knee, pleated in folds 
to give it fulness, and fastened round the waist by a girdle of 
the same material. A pair of cotton pdejdmas and a-sheet of 
the same material complete the hot-weather costume. In winter 
these are exchanged for a pair of woollen drawers and a blanket, 
but the poorer classes remain content with a coarse waist-cloth and 
a blanket all the year round. The food of the people from the 
Kali to the Indus differs very little in each tract, or, indeed, from 
that of the people in the adjoining plains. Wheat, barley, rice, and 
various millets and pulses are grown in the lower hills, and to the 
north hardier varieties suited to a sub-arctic climate are cultivated. 
When the produce is insufficient for the wants of the inhabitants, a 
supply is imported from the lower districts. To the north, woollen 
home-spun replaces the cotton worn in the lower hills, and the girdle 
supports an axe. The women wear a similar dress, the coat reaching 
down to the ancles, and the hair, done up in long plaits, is twisted 
into rolls and covered with a piece of cloth wound like a turban 
round the head. 
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To the west of the Satlaj we find the British territory of Kula 
and Mandi, the independent state of Chamba, 
and the territories of Kashmir and Jamu.’ 
Kulu, called in Tibetan Nyungti and Mandi, lies along the upper 
course of the Byds ; Chamba, known to Tibetans as Panga, along 
the Ravi; and Ldhul, the Tibetan Garzha, on the Upper Chinfb. 
To the north in Léhul and Ladak the people are Bhotiyas or Bodpas 
of Tibetan origin, professing the Buddhist religion, and amongst 
them is a servile race known as Bem or ‘low.’ Further east in Bal- 
tistan are Tibetan Musalmans who have adopted with their religion 
the Arabic alphabet. All these have decided Mongolian features, 
and are noted for their strength of body and power of enduring 
fatigue. In this respect the Baltis are somewhat inferior to their 
Buddhist brethren in race. The men wear a coat of woollen mate- 
rial reaching to the knees, fastened by a girdle, in which a knife is 
usually carried. Round their legs, from knee to ancle, they have 
coarse woollen leggings secured by a tape of the same material wound 
spirally round the leg from the ancle upwards. The head-dress is 
either a quilted skull-cap or a far cap with the hair or wool inside, 
and with a large flap behind which covers the neck and ears. They 
wear boots of felt with soles of sheep or goat-skin. The women 
wear a black woollen jacket with a striped parti-coloured petticoat 
and baggy trousers, and over all a skin coat with the fur tarned 
inside. The hair is arranged in a namber of small plaits, and is 
ornamented by a band of cloth, on which is sown a number of tar- 
quoises and beads. The food of the common people consists of thick 
barley cakes, though those who can afford it eat wheaten bread and 
drink tea and a fermented liquor called chung. The name Kunet 
seems properly to designate only the mixed race in southern Knaor, 
but it is used for the population of the central tract in Bisahr, Kula, 
Chamba, and Kashtwar, which borders on Ladak. In Chamba we 
find the Gaddis, who cross over into the neighbouring territory of 
‘Kashmir and meet the Thakars or Takkas, the chief cultivating 
class in those hills, and apparently in the same position with refer- 
ence to other Hindus as the Jats of the plains. In the valley of 
‘Kashmir we have the Kashmiris, and amongst them the servile 
class called Batal. To the south-west, along the left bank of the 
1 See section E. of references attached to this chaptcr, 
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Jhelam, we have the Musalman Dogras, called Chibhélis, and the 
Musalmén Sadans of Punch. On the right bank of the same 
river we have Musalmd4n Gakkars, Satis, and Dunds. To the eust 
of the Chibhélis come the Hindu Dogras, and amongst them the 
servile tribes of the Meghs and Dums, who are scattered about 
everywhere and form a considerable part of the population. The 
Dogras have a light-brown complexion, clearly-cut features, and 
black hair, which is cut to form a fringe below the turban. The 
hair is worn on the face. The Thakars are a well-made race, 
somewhat more powerful in body than the Dogra Rajpits, whilst 
the Meghs and Dtms are darker in colour, smaller in limb, 
shorter in stature, and less bearded. The food and clothing differ 
in no marked respect from that of the hill-tribes at a similar 
elevation to the east. Passing to the north-west of the Kashmir 
valley we come upon the Dards, an Aryan tribe called Brokpa by 
the Tibetans, and most of whom are Musalmans, though the Duh 
section have adopted the Buddhist religion, language, and customs. 
They occupy Astor and the trans-Indus Kashmiri district of Gilgit, 
as well as the neighbouring Kanjiid states of Nagar and Hanza, 
and the Kashkéra states of-Chitral, Yassan, and Mastij. They are 
a strongly-built race, with decidedly Aryan features, wearing 
woollen garments, except among the higher classes, who wear 
cotton insummer. The ordinary costume consists of trougers, a coat 
reaching to the knees and confined by a girdle, and a cap of woollen 
cloth about halfa yard long and turned up at the edges until it fits 
the head, the outward roll thus forming a protection against heat 
and cold. On their feet they have scraps of leather put under, 
over, and around the foot, and kept in their place by straps of the 
same material wound around them. A servile race is also found 
amongst them, known as Dims, and performing the same duties 
as the Dims of Kumaon. To the south-west of Kashmir, in the 
salt range, we find the Awans and Janjuhas, tribes of Aryan origin 
and of considerable antiquity. From the Kali to fhe Indus, 
dialects of Tibetan are spoken to the north. Mr. Drew tells! us 
that from near the Nunkun group of peaks which form the water- 
parting between the Maru-wadwan and Suru rivers, “and from no 
other spot in Asia, one may go westward through countries entirely 
! Northern Barrier of India, p. 20, 
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Muhammadan as far as Constantinople ; eastward among none bat 
Buddhists, to China; and southward over lands where the Hindu 
religion prevails, to the extremity of the Indian peninsula.” 


Amongst the great mountain groups comprising the western or 
trans-Indus extension of the Himalaya, and 
including the ranges known as the Hindu 
Kash, Kara-koram, and those connecting them with the Tian-shan, 
are several petty states, regarding which mucn has been learned of 
late! To the south lies the country called Afghanistén, the north- 
eastern portion of which is included in the western prolongation 
of the Himflaya, while the south-western part is a mountainous 
country confluent with the Himalaya on the one hand and extend- 
ing far in the opposite direction to the table-land of Persia. To 
the north the boundaries are ill-defined and vary almost from 
decade to decade. The authority of the ruler of Kabul, in many 
places, depends on the forces at his disposal to coerce his unwilling 
subjects ; but in 1879, the Afghan province of Turkistan included 
the whole of the countries between the Hindu Kush and the Oxus, 
comprising Balkh, Kunduz, and Badakshan, with their dependent 
states. The seat of the government is Balkh, with cantonments 
at Faizabad. Karatigin, on the upper valley of the Surkhab, pays 
tribute to Bukhara; also Darwé&z, on the Panja branch of the same 
river, and Shignan-cum-Roshan, on the Ghund and Murghab rivers. 
Wakhan is tributary to Badakshan, and south of it lies Kashkira, 
also called Chitr4l. Northern Kashkaéra, including Yassan and 
Mastuj, is subordinate to the ruler of southern Kashkfra, who 
resides at Chitral. North of Gilgit we have the robber states of 
Hanza and Nagar or Kanjud. South of Gilgit, in the valley of the 
Indus below Banji or Bawanji, are a number of sinall republics, who 
manage their affairs in assemblies called sigds, with which we may 
compare the similar institutions at the opposite extremity of the 
Himflaya. Some of these, such as Darel and Hodar, owe a nominal 
subjection to Kashmir. Further-south we oome to the independent 
tribes of Buner and Swit. West of the Indus, in the Kunar 
valley, are the Bajaur and Dir states, and between them and 
the Hindu Kush range the country of Kafiristan.? It may well 


1 See section F. of references attached to this chapter, 3 Lateiy partially 
explored by Maior Tanner, R,K. 
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be supposed that this rugged tract, the meeting-place of the 
Turanian, Iranian, and Aryan races, presents many points of interest 
to the ethnographer as well as to the geographer; but here we can 
but very briefly refer to them, however important they may be. 

We have already noticed an Aryan race, the Dards, occupying 
Gilgit and forming a part of the population 
of the neighbouring states. Here they 
meet the great Iranian race, which, under the name T&jik 
or Galcha, form the bulk of the cultivating population of the 
Musalmdn states between the Indus and Jaxartes. History tells 
us that from the third century before Christ to the sixth century 
after Christ this tract was subject to the continued incursions of 
a Skythian race, traces of whom may be seen in the Brahdis of 
Biluchistén, the Hazdrahs of the Hindu Kush, the Gujars there and 
in India, the Gakkars and Kohistanis of the Indus, and the Jats of 
India, and who have continued to influence the entire history of 
this tract to the present day. In the eleventh century the Afghans 
were a small tribe in the Sulaiman mountains, of no importance and 
but little known. Since then they have increased so much as to 
have been able to annex a considerable extent of country, and to 
impose their language, Pukhtu or Pushtu, on the populations which 
they have absorbed. Along the Indus, Afghans occupy the villages 
as far as Batera in 34° 53’ north latitude, where the Kohistin 
commences. The Afghans themselves are tolerably fair, robust, 
and of moderate stature. They have long faces, high cheek-bones, 
and dark hair, which they wear unshaved. Their underclothing is 
of cotton, over which they throw a loose coat of woollen cloth, felt, 
or, more commonly, of sheepskin. They wear low caps on their 
heads, around which a cloth is twisted to form a turban. Boots are 
generally worn, and they carry a matchlock, scymitar, and shield. 
Leavened bread and meat are eaten by all classes. The women aro 
rigorously secluded in the towns, but in the country, beyond the 
influence of the local maulvi or mullah, much more liberty is allowed. 
The use of wine is forbidden, but in the hills it is taken in secret, 
and that made in the Darel valley has more than a local reputation. 
Pushtu approaches the Pehlavi or Zendic form of old Persian on 
the one hand, and the Sindhi form of Prakrit on the other. It is 
spoken throughout Afgh4nistin, and, with dialectal variations, in 
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Bajaur, Panjkora, Dir, and SwAt. Afghdns aro Sunni Muoham- 
madans. 

The Kohisthnis of the Indus claim an Arab descent and speak 
a language different from Pushtu and akin 
to Kashkfri and Dférdui. They are fair 
and have sandy hair, and are of a robust make. They wear a 
tight-fitting coat and trousers resembling somewhat those of the 
European, with a cap of brown woollen material in the form of a 
bag rolled up at the edges. Around the legs and the feet a goatskin 
is wound, kept in its place by a strap of leather, the great-toe and 
the heel being left bare. A matchlock and sword are always 
carried, and they are expert shots. The women wear a loose jacket 
and trousers, and a cap of cotton or wool, over which they throw a 
woollen or cotton sheet when proceeding far from their villages. 
Unleavened bread of wheat, barley or millet (Jiolcus sorghum) is 
eaten with vegetables, milk, butter, or stewed meat. Farther north 
the people are less prosperous and more regardless of cleanliness. 
In some of the villages there are colonies of pastoral Gujars, and in 
the Yassan villages settlements of Dims, who supply the musicians 
and dancers of the country. Following next the Kunar valley, we 
have dialects of Pushta spoken in Bajaur and Dir as far as the 
Lahori pass leading iuto Chitral. Here it meets the Kashkéra, 
whichis akin to the Dardui and is of Prakritic origin, though many 
Persian vocables have been added. The pagan inhabitants of 
Kafiristan are of the same race as the Kashkéras and the Dards, 
and speak a language having an archaic Prakritic origin. 

Moving fcrther westward into Badakshan, we come amongst a 
large Iranian population speaking Pushtu 
in the south and Persian in the north, and 
from Narin an Uzbeg population speaking Turki, and the nomad 
‘Hazfrahs having a dialect of their own. On the invasion of the 
Turks the old inhabitants retreated into the more inaccessible valleys 
of the great ranges, and there founded the Galcha states of Darwaz, 
Kardtigin, Shighnan, and Wakhin. In Darwaz and the adjoining 
parts of Badakshin pure Persian is spoken or understood. The 
vocables and grammar of the Galcha proper show a strong affinity 
to Dardui, and many conjecture that, in its pure state, it must have 
been the intermediate link between the Iranian and Indian branches 
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of the great Aryan family; that the dispersion took place from 
the ‘ bdm-i-dunya,’ ‘the roof of the world,’ the Indian branch 
proceeding southwurds and along the Kabul river to India, whilst 
the Iranian branch crossed the Pamir to the plains of Turkistin. 
Towards the plains the Galchas are Sunnis, but in all the hill 
districts, except Darwiz, they are Shiaths. The Shih is held 
in the same contempt as the infidel, and the Sunni esteems it a 
holy and righteous act to capture and sell his less orthodox 
fellow-believer into slavery. Amongst the tribute paid by the 
hill states to the Afghan governors of Badakshin and to the Wali 
of Bukhéra, not the least important parts.are the troops of fair- 
complexioned girls from the upper valleys of the Galcha states, and, 
when procurablo, pagan boys from Kéfiristan. Uvzbegs are chiefly 
found in the country, and Tajiks in the towns along the plains 
below Badakshia and in Turkistin ; the former invariably speak 
Turki and the latter Persian, or dialects with a number of Persian 
words in them.. In Wakhén the men wear brown woollen coats and 
trousers,’ Ladéki boots, and a scanty cotton turban, either blve or 
white. The women here also dress much like the men, and, as in 
Chitral], wear their hair in long plaits. They have Jewish noses 
and are not very fair-looking. Kirghiz are found along the eastern 
slopes of the Tian-shén and the northern slopes of the Pimir and 
Kuen-lun ranges in Chinese Turkistan. The Alai Kirghiz of the 
Pamir have a bad reputation as robbers. East of them lie the great 
uninhabited steppes until we come to the country near Kanjud, 
which is rendered unsafe by the raids of the people of Hanza and 
Nagar. Further east we have the Chang-thang highlands, occupied 
by tho robber Bhotiya tribes of Changpas, speaking a Tibetan dialect 
akin to Zanskaéri. The dress of the male Kirghiz inhabiting the 
pastoral slopes of the highlands south of Yarkand and Kashgar is not 
different in any material degree from that of the other inhabitants.' 
Their women wear as a head-dress a white cloth rolled evenly 
and regularly round a skull-cap of red or other bright material, 
with lappets over the ears. The end of the turban is drawn down 
and passed over the lappets and under the chin, and the coat worn 
is a dressing-grown of wadded and quilted cotton. In the plains 
the winter dress of the females comprises a fur cap of black lamb’s 
1Gordon : Roof of the World, 
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wool with a trimming of the fur, and a crown of coloured silk or 
cloth worn over a square of muslin which forms a veil. The coat 
worn is full and long, and the boots are of embroidered leather 
with high heels. The hair is worn either in two long plaits or in 
ringlets. The men wear a close-fitting cap lined with fur and 
turned up at the bottom. The coat resembles that worn by the 
women, only it is fastened by a cotton girdle, and the boots are 
worn long and plain, with felt stockings. In winter, sheepskin 
with the wool attached is the universal material for clothing. 


To Prejevalsky we are indebted for an account of the people 
around the lake country of the Tarim near 
Lob-ner, to the north of the Altyn-Tagh, 
aad of those inhabiting the castern extremity of the Kuen-lun 
near the sources of the Hoang-ho. The former' present “a strange 
mixture of facial types, some of which call to mind a Mongolian 
raco. The prevailing characteristics are, however, Aryan, though 
far from pure. « * In height they are rather below the average ; 
frame weak and hollow-chested ; cheek-bones prominent and chin 
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pointed ; beard scanty and a l’Espagnole ; whisker even sinaller ; 
hair on the face generally of feeble growth ; lips often thick and 
protruding ; teeth white and regular and skin dark, whence 
their name Kaéra-kurchin may be derived.” Their language is 
said to resemble closely the dialxct of Khoten. The clothing of 
the lake-dwellers is made from the fibres of a species of asclepias, 
and consists of a loose coat and trousers with, in winter, a sheep- 
skin cap, and in summer one made of felt. In summer the feet 
are uncovered, and in winter shocs of untanned hide are worn. The 
coats in winter are lined with duckskins dressed in salt. Fish, 
wild-fowl, and the tender shoots of recds are their principal food. 
All profess the Muhammadan religion. The inhabitants of the 
country along the Tarim towards Korla appear to be also of the 
same race, though comparatively more civilised. 


To the north-east, towards the Yellow river, we have the Kara- 
Tangutans, a race apparently connected 
with the Tibetans proper. They are more 
robust in form, greater in stature, and darker in complexion, than 


1¥rom Kulja across the Tian-shén to Lob-nor: Loncton, 1879, pp. 44, 166, Sce, 
further, section G, of refercnces attached to this chapter. 
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the Tangutans of Kan-su. Their hair is black, but the head is 
shaved clean and no pig-tails are worn. The eyes are dark and 
large, never narrow like the Mongols ; the nose straight and some- 
times aquiline and also sometimes retroussde; the lips thick and 
protruding; the cheek-bones not so prominent as in the Mongol ; 
the face long. and never flat, and the skin tawny coloured. The 
language is akin to Tibetan. The dress in summer comprises a 
long, grey, woollen coat reaching to the knees, boots, and a low- 
crowned, broad-brimmed, felt hat. In winter a sheepskin coat is 
put next the skin, and the upper pert of the legs is usually left 
bare and also the right arm and part of the right breast, the right 
sleeve being allowed to hang down empty. The women dress like 
the men, and all live in tents made of black, coarse, woollen cloth, 
whence the name Kara (or black)-Tangutans. They are met as far 
as the Murui-ussu, the extreme point reached by Prejevalsky.1 Of 
the people between the Hoang-ho and Brahmaputra very little is 
known beyond the fact that they are of Tibetan origin and chiefly 
Buddhists in religion. Pamutan near Bathang, which lies in about 
99° east longitude and 28° 50’ north latitude, is the most westerly 
point attained by Mr. Cooper? in his memorable journey from Han- 
kow towards the frontier of India in 1868; and Prun, in the Mishmi 
country, the most easterly point reached in his attempt to penetrate 
the intervening ranges to China in 1870, leaving a space of about 
120 miles as the crow flies unexplored and unknown. 


We have now briefly sketched the character of the countries 
and peoples encircling the great elevated 
area which from Ladak on the west to the 
Chinese frontier is known as Tibet, and is entirely under Chinese 
influence. The true name of this tract is Bod-yul or Bod-land, 
and the people Bod-pas, corrupted by the Indians into Bhotiyas, a 
name now apphied to the Tibetans living on the borders between 
India and Tibet, whilst the people of Tibet proper are called 
Huniyas and the country Hundes. Tho eastern division of Tibet 
is known as Khim or Kham-yul, sometimes called Bod-chen; it 
extends from the frontiers of China to about 95° east longitude. 
Ceatral Tibet or Tibet proper is called Bod at its eastern end, and 


1 Mongolia, by Prejevalsky : London, 1876, I1., pp. 109, 301. ? Travels of 
a Pioneer of Commerce in Pig-tail and Petticoats : London, 1871, 
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g-Nédri or Nari at its north-western end; the former division being 
the shorter of the two, but perhaps broader and more civilised and 
populous. A line drawn from Darjfling northwards would apparently 
separate Bod from Néri. The central part is also called U-Tsang 
from the two provinces of U and Tsang in which Lhfsa is situated. 
Nari is divided into the three great districts of Mang-yul, Khorsum, 
and Mar-yul.’ The first marches with Nepél almost to its western 
boundary ; the second extends along the British frontier of Kumaun 
and Garhwil and that of the independent state of Bisahr; and the 
last included western Tibet and the Kashmiri states of Balti and 
Ladik. The physical characteristics of this tract have had the 
effect of isolating its inhabitants, who are distinct in race and 
language, from al! the nations we have described, and find their 
affinities in the Tangutans of the north-eastern Kuen-lun already 
noticed. They are broadly built; have dark hair, scanty beards, 
high cheek-bones, oblique eyes, complexion fair amongst the better 
classes, dark amongst the lower, who are more exposed to the 
weather, To the east in the warmer valleys they are agriculturists, 
and to the west and north follow a pastoral life. The costume 
varies in the different provinces and with the means of the person, 
but as a rule the men in the wilder parts shave the head clean like 
the Kara-Tangutans, whilst the more settled allow it to grow long 
and plait it into a queue or tail like the Tangutans proper. To the 
east Chinese fashions are in vogue, and to the west the common 
dress is a coat and trousers of undyed woollen material with boots 
to the knee. The Lamas wear distinctive dresses, red or yellow 
according to the sect to which they belong, and the wealthier 
indulge in coloured broad-cloth garments of English or Russian 
manufacture. Barley porridge, tea and meat form the staple food 
of the people, and chang or beer, a simple infasion of malted barley, 
is of universal use all over Tibet. 


Having completed our review of the nations inhabiting the 
Himalaya and the surrounding country, we 
may now briefly notice the natural distribution 
of the several great races that have come under our consideration in 


General distribution. 


4 From Captain Henry Strachey's paper on the physical geography of Western 
Tibet, London, 1854, atill our best authority on the subject. A more detailed account 
will be given hereafter in the Gasetteer portion of this memoir : see also section H. 
of references attached to this chapter, 
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the special tracts that each now occupies. The extraordinary rigour 
of the climate and the physical barrier that exists between Tibet, 
and India sufficiently explains the absence of ethnical or political 
relations between the two countries. Accident has given the Indian 
state of Kashmir political preponderance in western Tibet, but the 
ethnical distinction still remains, and will probably ever continue. 
The climatic condition of eastern and northern Tibet allows of a free 
migration of the inhabitants from one part to the other, which is 
shewn in the common origin of the people of those countries to 
the present day. Turks and Tartars occupy the country called 
Turkistan, similar in character to their original homes; but in 
proportion as the climatal conditions become Indian, so does the 
population become Aryan. The Tartar is the child of the rugged 
bleak steppes; and when we approach the cold and wooded 
mountains we come on the Hindu element at its maximum in the 
tract around the sacred sources of the Jumna and the Ganges, 
gradually diminishing as we move eastward towards the excessively 
moist though warmer valleys of the Nepal and Asim Himilaya, 
where they are replaced by races akin to the people of eastern Tibet 
and Siam, and on the west meeting the Iranian and the Tartar in 
the trans-Indas ranges. To the north of the Kuen-lun the Mongol 
and Chinese converts to Mahammadanism, called Tunganis, and in 
western Tibet the Muhammadan Baltis, divide the Buddhists from 
the followers of Islim. In the valleys of the affluents of the Oxus 
and the Kabul river we have an Iranian race of Galchas or Tajiks 
driven upwards by political disturbances and mixing with an indi- 
genous mountain race of Aryan extraction. The rigorous climate 
and scanty cultivation which prevents the intrusion in any numbers 
of a southern race also debars the tribes inhabiting the higher hills 
from making any permanent occupation of the lowlands. Like their 
favourite domestic animal the yak, the Him4layan mountaineers do 
not thrive at low altitudes, nor can plains-bred men or animals with- 
stand for any time the arctic cold and rarefied air of the more elevated 
regions. Thus, there is a clear connection between the distribution 
of the nations that are fonnd in the Himalaya and the physical 
characteristics of the regions that they occupy ; and if we had time to 
pursue the subject further, it might be shown that the orographical 
eanditions of a tract’ have materially influenced its history, political 
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and religious, and the social and moral character of its inhabitants. 
The disposition of a people towards peace or war ; their migrations ; 
the diffusion of their language ; their habits, pastoral, agricultaral, 
or commercial ; the extent of their influence—all depend more or 
fess on the physical peculiarities of the country that they inhabit 
And not only is man so affected, but the entire fauna and flora obey 
the same laws, so that the skilful naturalist can from a plant or even 
o butterfly describe the general character of the country of which it 
is a native, and with it the customs and manners of the inhabitants. 
For the nature of a country, whether mountainous or level, the 
direction of the great ranges, the length and line of coast, the 
position with regard to the equator, the relations of land and water, 
and the drainage systems, are all primary agents in the distribution 
of organic life and of the influences which govern all atmospheric 
and climatic phenomena 
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26, 


27. 


28, 


29. 


81, 


32, 
33. 


34. 


35. 
36. 
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Notes ona trip across the Patkoi range from Asém to the Hukoong valley, 
by H. L. Jenkins in 1869-70. Jbid, 245. 

Notes on the Burmese route from Asém to the Hukoong valley, by the same. 
Ibid, 250. 

The Négas of Asém, by Capt. Jenkins. J. A.8., Ben., V., 207. 

Extract from the narrative of an expedition into the Néga territory of Asim 
in 1840, by Lieut. Grange. Jbid, VIIL, 445: LX., 947. 

Extracts from a report on a journey into the Néga hills in 1844, by B. Wood. 
Ibid, IX., 947 ; X., 126 : XTIL, 771. 

Extract from a memoir on eome of the natural products of the Angémi Niéga 
Hills, by J. W. Masters. did, XIII, 707: XVIL., i., ‘57. 


_ Narrative of a tour over that part of the Néga hills lying between the Diko 


and Dyang rivers, by Capt. Brodie. Jbid, XIV., 828. 

Report of Lieut. Rrodie’s dealing with the Négas on the Sibségar frontier in 

1841-46. Sel. papers, Hill tracte, p. 284. 

Note on a visit to the tribes inhabiting the Hille to the south of Sibségar in 
Asim, by S. E. Peal. J. A. 8, Ben., XLL, i., 9: and Sel, papers, Hill 
Tracts, p. 316. 

(/)— LANGUAGES. 

A rough comparative vocabulary of some of the dialects spoken in the Néga 
Hills, by Capt. J, Butler. J, A. S., Ben, XLIL, i, App. i. Vocabulary 
of the Banparé Négas, by S. E. Peal. Ibid, xxx. 

Account of the valley of Munipur and of the Hill tribes, by Major McCulloch. 
(To which ie added a comparative vocabulary of the Munniporee, Undro 
Sengmai, Chairel, Meeyang, Koupooee Poveeron, Koupooee Songboo, 
Qoireng, Khoonggoee, Phudang, Koopome, Tukaimee, Muram, Murring Anal 
Namfau, Kookie, Burmese and Shan languages). Sel. Rcs., Government 
of India, For. Dept., KXVII., 1859. 

Analysis of the Bengali poem ‘ Réjm4la.’ or chronicles of Tripura, by the Rev, 
J. Long. J. A.8., Ben., XIX., 633. 

Progressive colloquial exercises in the Lushai dialect of the Denor Kéki 
language, by Capt. T. H. Lewin. Calcutta, 1874. 

Hill Proverbs : a collection of wit and wisdom from the people of the Chitta- 
gong Hills, by the same. Calcutta, 1875. 

Notcs on the languages spoken by the various tribes inhabiting the valley of 
Asém and its mountain confines, by W. Robinson. J. A.8., Ben, XVIII, 
i., 183, 310. 

A dictionary in As&mese and English, by M. Brouson, American Baptist 
Missionary. London, 1876. 

Note on the Shans, by Col. 8S. F. Hannay. Calcutta, 1846, 

A visit to Xiengmai, the principal city of the Shan State. by Sir R. H. 
Schomburgh. J, A. S., Ben., XXXII, 387 (1863). 

Introductory sketch of the history of the Shans in Upper Burmah and 
Yunan, by N. Elias. Calcutta. 1876. 

A grammar of the Shan languages, by J. Cushing. London, 1877. 

Alphabets of the Tai languages, by Rev. Nathan Brown, with plates of those 
of the Abom, Khamti. Shyén, Laos, and Bwmese, J. A. 8., Ben., VI, 17, 
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13. 


14, 


15. 
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Interpretation of an Ahom inscription, by Capt. Jenkins. Jdid, 980. 

Comparison of Indo-Chinese languages with comparative vocabularies of 
Bangéli, Asémese, Khamti, Siamese, Aka, Abor, Mishimi, Barmese, 
Karen, Singpho, Jili, Géro, Manipuri, Songpu, Kapwi, Koreng, Marim, 
Champhung, Labuppa, N. Téngkhul, C. Téngkhul, 8. Téngkhol, Khoibu, 
Maring, Anamese, Japanese and Corean, by Rev. W. Brown. bid, 1,023. 

Description of the tomb of an Ahom noble, by C. Clayton. Jdid, XVIL, 
i, 473. 

Note on Ghargaon in Asém, by J. M. Forster. Jdid, XLI,, i., 32. 

Note on the Singphos, by Col. 8S. F. Hannay. Calcutta, 1846. 

Report of a visit by Capt. Vetch to the Singpho and Naga frontier of Lakim- 
pur in 1842. Sel. papers, Hill tracts, p. 255. 

Remarks on the Indo-Chinese alphabets, by Dr. Bastian. J.R.A.8., IIL, ii. 





Section C.—Bhutan, Sikkim, Nepal, 


(a)—BHUTAN. 

Narratives of the Mission of George Bogle to Tibet (1774), and of the journey 
of Thomas Manning to Lhasa (1811-12), by C. R. Markham. London, 1876. 

Notes on Dr. Hamilton’s Missions to Panékha in 1775 and 1777. 

Account of an embaasy to the court of the Teshoo Lama in Tibet and a journey 
through Bootan, by Capt. 8. Turner. London, 1806. 

Poorungeer Gosseyn’s residence at Lhésa in 1785. As. Res., I., 207. 

Account of Bhutan, by Kishan Kant Bose. As. Res., XIL, 128, 

Report on Bootan, by Capt. R. B. Pemberton. Calcutta, 1839. Journal 
of the Mission to Bhutan, 1837-38, under Capt. B. B. Pemberton, by W. 
Griffiths, M.D. Calcutta, 1847, and J. A. 8., Ben., VIIL, 208, 261. 

Report on the state of Bootan and on the progress of the Mission of 1868-64, 
by the Hon’ble Ashley Eden. Calcutta, 1864. 

The last four are reprinted in ‘Political Missions to Bootan.’ Calcutta, 1865. 

Bootan, or the story of the Dooar war, by Surgéon Rennie, M.D. London, 1866. 

Papers relating to Bootan presented to Parliament. No. 13 of 8th February, 
1865. 

Farther papers relating to Bootan presented to Parliament, No. 47 of 15th 
February, 1865. 

Visit to Dewangiri, by E. T. Dalton. J. A. 8., Ben., XVIII, 66. 

A Military report on the country of Bhutan, containing all the information 
of Military importance which has been collected up to 12th July, 1866, by 
Lieut. C. M. Macgregor. Calcutta, 1873. 


(6)—SIKEIM. 


Himélayan Journals : notes of a naturalist in Bengal, the Sikkim and Nepal 
Himflayas, &c., by J. D. Hooker. London, 1855. 

Notes, chiefly botanical, made on a journey from Darjeeling to Tonglo, by the 
game. J. A.S., Ben., XVIII., i., 419. 

Notes on a tour in the Sikkim Himalayan mountains undertaken for the pur- 
poee of ascertaining the geological formation of Kinchinjanga, by W. S. 
Sherwill, Jbid, XXII, 510, 611. 
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24, 
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42, 
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Journal of atrip undertaken to explore the glaciers of the Kanchinjingsa 
group, by Major J. L. Sherwill. Jdid, XXXI., 457. 

Diary of a journey through Sikkim to the frontiers of Thibet, by A. Campbell. 
Ibid, XXL, 407, 477, 668. 

A journal of a trip to the Sikkim, by the same. Jbid, XVIII, i., 482. 

Routes from Darjiling to Tibet, by the same. Jbid, XVII, ii., 488. 

Itinerary from Phari in Tibet to Lasas, with appended routes from Dazjiling 
to Phari, by the same. Jbid, XVIL,, i., 257. 

Notes on eastern Thibet, by the same. Jdid, XXIV., 252. 

Report on a visit to Bikkim and the Tibetan frontier in 1873, by J. Ware- 
Edgar, C.8.L Calcutta, 1874. 

Sikkim, with hints on mountain and jungle warfare, exhibiting also the facili- 
ties for opening commercial relations through the hills of Sikkim with 
Central Asia, Tibet, and Western China, by Col. J.C. Gawler. London, 
1873. 

A short account of the Cooch Behar State, by Capt. T. H. Lewin. 

The Indian Alps and how we croased them. London, 1876. 

Note on the Mechis, together with a small vocabulary of the languarge, by Dr. 
A. Campbell. J.A.S., Ben., VIII, 623. 

Note on the Lepchas of Sikkim, with a vocabulary of their language, by the 
aame. Jdid, IX., 379. 

A note on the Limboos and other hill tribes hitherto undescribed, by the 
same. Ibid, IX., 595. 

On the literature and origin of certain hill tribes, by the same, Jdid, XL, 4. 

Note on the Limboo alphabet of Sikkim, by the same. Jdid, XXIV., 202. 

Ethnology of India, by Mr. Justice Campbell. Jbid, XXXV., 1. 

Specimens of the languages of India, including tribes of Bengal, the Central 
Provinces, and the eastern frontier, by Sir G. Campbell. London, 1874. 

A sketch of the modern languages of the East Indies, accompanied by two 
language maps, by R. N. Cust. London, 1878. 

A comparative dictionary of the languages of India and High Asia, by W. W. 
Hunter. London, 1868, 

A grammar of the Rong (Lepchs) language as it exists in the Dorjeling 
and Sikkim hills, by G@. B. Mainwaring. Calcutta, 1876. 

(c)—NEPAL. 

An account of the kingdom of Nepél, by Father Guiseppe. As. Res., IT., 807. 

An account of the kingdom of Nepél, being observations made during a mission 
to that country in the year 1793, by Colonel Kirkpatrick. London, 1811. 

An account of the kingdom of Nepél and of the house of Gorkha, by Francis 
Hamilton (formerly Buchanan). Edinburgh, 1819. 

Narrative af a five years’ residence at Nepdél, from 1841 to 1845, by T. Smith. 
London, 1852. 

A journal to Kathmanda with the camp of Jang Bahadoor, by Lawrence 
Oliphant. London, 1852, 

History of Nepél, translated from the Parbatiya by Munshi Shew Shunker 
Singh and Pandit Shri Gungnan and edited by D. Wright, M.D. Cam- 
bridge. 1877. 
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57. 


69. 
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62. 
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Nepél : its people, religion, customs, zoology, botany, by Dr. Oldfield. * London, 
1879. 

Memorandum relative to the seven Kosis of Nepél, by B. H. Hodgson. J. A, 
S., Ben., XVIL, ii, 646, 

Route from Kathmandu to Darjiling, by the same. Jbid, 634, 

A cursory notice of Nayakot, by the same. Jbdid, IX., 1114. 

Selections from the records of the Government of Bengal, No. XXVII. 

Quality of the Kosis of Nepél. J. A.S., Ben., V., 369. 

Papers on the colonisation, commerce, geography, &c., of the Himalaya monn- 
tains and Nepél, by B. H. Hodgson. London, 1857. | 

(d)— ETHNOLOGY. 

Notices of the languages, literature, and religion of Nepél and Thibet, by B, 
HL Hodgeon. As. Res., XVI., 409. 

On the aborigines of the Himélaya, by the same. J. A.8., Ben., XVI, 1235, 
and XVIL, i., 73, 

Origin and classification of the military tribes of Nep4l, with a tabular vicw 
of the tribes, by the same. Ibid, IL, 217. 

On the Chepéng and Kustnda tribes of Nep4l, with a Chep&éng vocabulary, by 
the same. Ibid, XVII, ii, 650. 

Cursory notice of Néyakot and the remarkable tribes inhabiting it, by the 
same. Jbid, IX., 1114. 

On the tribes of northern Tibet, Horsok and Sifén, by thesame, Jdid, XXIL, 
121, 

On the colonisation of the Himalaya by Europeans. Sel. Rec. Ben., XXVIZ., p.1. 

On the commerce of NepAl. did, p. 11. 

The preceding seven papers have been reprinted in ‘ Essays on the languages, 
literature, and religion of Nep4) and Tibet.’ London, 1874, 

Classification of the Newérs or aborigines of Nepél Proper, preceded by the 
most authoritative legend relative to the origin and early history of the 
race, by the same. J. A.S., Ben., III., 215. 

Comparative vocabulary of the several languages and dialects of the eastern 
Sub-Himalaya from the Kéli or Ghagra to the Dhanari, by the same. 
‘[oid, XVI., 1244. 

Ethnography and geography of the Sub-Himélayas, by the same, with a Khas 
vocabulary. Jbid, XVII., i., 644. 

On the Tibetan type of mankind, by the same. Jdid, XVIL, ii., 222, 580. 

A brief note on Indian Ethnology, by the same. Jbid, XVIII, 238. 

On the aborigines of north-eastern India, by the same, with a comparative 
vocabulary of Tibetan written and spoken, Dhimdl, Bodo and Géro, Jhid, 
451. 

On the origin, location, creed, customs, character and condition of the Kooch 
Bodo and Dhimél people, with a general description of the climate they 
dwell in, by the same. Jdid, 702, Reprinted with the preceding in the 
Aborigines of India, Calcutta, 1847, 

On the aborigines of the eastern frontier with vocabularics of Burman written 
and spoker., Singpho, Naga, Abor-miri and Miri, by the same, J. A. 5. 
Ben., XVIL., 967. 
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On the aborigines of southern India, by the same. did, 850. 

On the aborigines of Central India, by the same. Jbid, XVII., ti., 550. 

On the aborigines of the north-eastern frontier, by the same. Jdid, XIX, 
309. 

Indo-Chinese borderers and their connection with the Himélayans and Tibet- 
ans, by the same. Jbid, XXII., 1. 

Caucasian and Mongolian affinities, by the same. /déd, XXIL, 26. 

Comparative vocabulary of the languages of the broken tribes of Nepdl: 
(C1) Dahi or Darhai; (2) Denwar; (3) Pak‘ or Pahari ; (4) Chepéing ; 
(5) Bhrému ;(6) Véyu or Héyu ; (7) Kus~ar ; (8) Kasunda ; (9) Pékhya 
(unbroken) ; (10) Thakeya (do, ); (11) Théru]), and comparative vocabulary 
of the (seventeen) dialecta of the Kirinti language, also a Vayu and a 
vocabulary and grammar, by the same. Jdid, XXVL, 817: XXVII., 393. 

On the Véyn tribe, by the same. Jbid, XXVIL, 488. 

On the Kiréati tribe, by the same. Jbid, 446. 

The Magar language of Nepdl, by J. Beames. J. R.A. 8., IV., 1869. 


Note.—Articles Nos. 44, 45, 62, 64—66, 68, 69, 70—74 above have been reprinted 


1. 


Ww. 


il. 


138. 


14. 


in Miscellaneous Essays relating to Indian subjects, by B. H. Hodgson, 
London, 1888, 


Section D.—Kali to the Satlaj. 

Illustrations of the botany and other branches of the Natural History of the 
Himé@layan mountains, by J. Forbes Royle. London, 1889. 

Notes of an excursion te the Pindaree Glacier in 1646, by E. Madden. 
J. A. 8., Ben., XVI., 226, 596 (chiefly botanical). 

The Turace and euter mountains of Kumaen, by the same. (bid, XVIL, 
i., 349: XVIIL., i., 603 (chiefly botanical). 

Description of the (eo-called) mountain treut ef Kumanun, by J. McClelland. 
Peid, IV., 39, 

Notes of observations on the Boksas, by Dr. J. L. Stewart. bid, XXXIV., 
ii, 147, 

Ancient remains in the Garhwiél Bhébar, by H. Pollan. Jbid, XXXVI., 135. 

Narrative of a survey for the purpose of discovering the source of the Ganges, 
by Capt. F. V. Rapier. As. Res., XI., 446. 

Pilgrim’s wanderings in the Himmala, by Barron. Agra, 1844. 

Report on the Bhotia mahals of Kumaon, by G. Traill. J. A. 8,, Ben., II. 
651. Reprinted in Kumaon Reports. 

A. few notes on the subject of the Kumaon and Rohilkhand Taréi, by 
J. H. Batten. Jdid, XIII, 887. 

Extract from the journal of J. Weller on a trip tothe Bulcha and Oonta 
Dhoora passes, edited by the same. Jdid., KIL, 78. 

Journal of a visit to Melam and the Oorta Dhoera passin Jawéhir. by 
KE. Masson, edited by the same. Jdid, XI., 1157. 

Note of a visit to the Niti pass of the grand Himélayan chain, by the same. 
Did, VIL, 310. 

Notice of a trip to the Niti pass. Jbid, XIX., 79. 

Account of a visit to the Biéns pass. Gl. im Bci., 1., 97, 

q 
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23. 
34. 
25. 
26. 


37. 


29. 


31, 


32, 
33. 


(1.) 
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Notes on a trip to the Kedarnath and other parts of the snowy range of the 
Himdlayas in 1853 (by J.M.) Edinburgh, 1866. 


' The Himdlaya in Kimaon and Garhwiél. Col. Rev., XVIIL., 73. 


Kumaon and ite Hill stations. Ibid, XXVI., 8738. 

On the Physical geography of the Himélaya, by B. H. Hodgson. J. A. 8,, 
Ben., XVIII, ii., 761. 

On the Physical geography of the provinces of Kumaon and Garhwil in the 
Himdlaya mountains and of the adjoining parts of Tibet, by Capt. (now 
General) R. Strachey. J. RG. S., XXI,, 67 (1851). 

Explanation of the elevation of places between Almora aad Gangri, by 
Lieut. H. Strachey. J. A. 8., Ben., XVIL, ii., 527. 

Narrative of a journey to Cho Lagan (Rakas Tal), Cho Mapan (Manasarowar), 
amd the valley of Pruang in Gnari Hundes, by the same. J. A. 8., Ben., 
XVIL., ii., 98, 127, 327. 

A description of the glaciers of the Pindur and Kuphinee rivers in the 
Kumaon Himdlaya, by the same. Jbid, XVI., 794, 1002. 

Notice of Lieut. H. Strachey’s scientific mquiries in Kumaon and Garhwal. 
ibid, XIX., 239. 

Note on the motion of the glacier of the Pindur in Kumaon, by Lieut. H. 
Strachey. Jbdid, XVIL, ii., 203. 

A Sketch of the mountains and river-basins of India, by Trelawny Saunders. 
India Office, London, 1870. 

Trans-Him#ayan missions and their results. Cal. Rev., Jan. 1877, 115. 

Geographical Magazine (London), IV., 113 (May, 1877), by C. R. Markham, 
on “the Himélayan system,” and p. 173, by T. Saunders, on the same 
subject, being a reply to the preceding article in the Calontte 
Review. 

A memoir on the Indian Surveys, by C. R. Markham. London, 1878. 

On the snow-line in the Himélaya, by Lieut. H. Strachey. J. A.8., Ben., 
XVIII, 1., 287. 

On the limits of perpetual snow, by Capt. J.D. Cunningham. Jbid, XVIII, 
ii., 694. 

Remarks on the enow-line, by Capt. T. Hutton. bid, 954. 

Reports on the trans-Himélayan explorations in connection with the Great 
Trigonometrical Survey of India, 1866-67, 1867, 1868, 1869, 1870, 1871, 
1872, 1873-75, 1876, 1877, viz.— 


Route-survey from Nepél to Lhdsa, and thence to the sources of the Brahma- 
putra, made in 1865-66. As well as a route survey through western Nepél 
and from Niti to Gartokh and back. 

Route-survey from Ménato Totling, thence to Demchok and along the northern 
branch of the Indus to Thok Jalung and back to Milam, in 1867. 

Surveys from Rudok by the gold fields to King-lo, and thence to the Ména- 
sarowar lake ; from Manasarowar to Shigatze and from the Tadam Monas- 
tery to Muktinéth in Nepél; also slong the Tingri maidan in the eastern 
Himélaya, 1868, 


(4.) Survey from Kabul to Badakshén and through the upper valley of the Oxus 


to Kashgar and back by the Karakoram, 1867-68. 


(6.) 
(6.) 


1) 
(8.) 
(9.) 
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(1.) 


(12.) 
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Survey from Peshawar to Fyzabad in Budakshné, 1870. 

Exploration of the Namcho or Tengri Nur lake in Tibet, 1673, and Havilder'’s 
journey from Kabul to Bukhara, 1873. 

Acoount of the survey operations in eastern Turkistén, 1878-74, in connection 
with the Yarkand Mission, by Capt. H. Trotter, AE. 

Sarvey from Badakshén to Koléb, Darwas, and Kubedian to Balakh in 1873. 

Journey from Jalalabad to Serhadd-i-Wakhan by the Baroghil pass in 1878. 

Journey from Leh in Ladékh to Lhéss, and thence by Chetang to Odalguri 
near Tezpur in Asdm, July 1873 to March, 1875. 

Indus river from Amb to Bunji ; Yassin to Mastuj and thence to Barkulti ; Sar 
Laspur to Dodbéh near Dir; Miankalai to Pachat near New Kunar by 
Nawagi and Nawagi to Abazai in 1876. 

Mr. E. C. Byall’s exploration of Hundes to the north of Kuniacan and Garhwil, 
1877. 

Account pf the operations of the G. T.8., Indis, Vol. I. (1870), I. to IV. (1879). 
Dehra Dun, 1879. 


a 


Section E.—Satlaj to the Indus, 


Journal of a tour through part of the snowy range of the Himdlaya moun- 
taine and to the sources of the rivers Jumna and Ganges, by J. B. Fraser. 
London, 1820. 

Travels in the Himélayan provinces of Hindustan and the Panjéb ; in ledékh 
and Kashmir ; in Peshawar, K4bul Kunduz and Bokhéra, by W. Moorcroft 
and G. Trebeck, from 1819 to 1825, edited by H. H. Wilson. London, 184], 

Account of Koonawar in the Himdlayas, by Capt. A. Gerard. London. 1841. 

Notes on Moorcroft's travels in Ladé&kh and on Gerard’s account of Koonawar, 
by Capt. J. D. Cunnirgham. J, A. §., Ben., XIIL., 172, 223. 

Journal of a trip through Kulu and Lahul to the Chumurert lake in Ladékh 
in 1846, by Capt. A. Cunningham. /&d, XVIL,,i., 201. 

Kashmir and das Reich der Siek, by C. Von Hugel, translated into English 
by Major Jervis. London, 1845, 

Notes of a visit to the vallev of Kashmir in 1836, by Baron Hugel. J. A. 9., 
Ben., V., 184, 303. 

Travels in Kashmir, Lad&kh, Iskardo, the countries adjoining the mountain 
course oi the Indus, &c., by G. J. Vigne. London, 1842, 

Notice by Vigne of his travels in Kashmir. J. A.S., Ben., V., 56. 

Description of the valley of Kashmir, Ghagni and Kabul, by G.J. Vigne. Jbid, 
VI, 766. 

Ladékh, physical, statistical, and histcrical, with notices of the surrounding 
countries, by Major A. Cunningham. London, 1864. 

Abstract journal of the routes to the sources of the Panjéb rivers, by the 
same and A. Broome. J. A. S. Ben., X., 105, 

Correspondence of the Commissioners deputed to the Tibetan frontier, by 
Captain A. Cunningham. did, XVII, i., 89. 

Memorandum on the boundary between the territories of Mahéréja Gulab 
Singh and British India as determined by the Commissioners, by J. D. 
Cunningham, Jbid, XVIL. i., 398, 
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Memorandum on the district of Buesahir and the pacification of the disaffect- 
ed portion of the inhabitants, by G. C. Barnes. Lahore, 1859. 

Journal of a tour through Hungrung, Kunawur and Spiti in 1888, by T. 
Hutton. Jbid, VIII, 901: IX., 489, 555. 

Journal of a trip to the Burenda pass, by the same. Jbid, VI., 901. 

Diary of an excursion to the Boorun and Shatool passes over the Himélaya, 
by E. Madden. Jbid, XV., 79. 

Journey from Soobathoo to Shipke in Chinese Tartary, by J. G. Gerard. Ibid, 
XI, 363. 

Report on the vallcy of Spiti, by the same. Jbid, X., 198; and by W. C. Hay. 
1did, XIX., 429; see also As. Res., XVIIL, 239. 

Notes of a trip from Simla to the Spiti valley and Chomoriri ‘lake in 1861, by 
W. Theobald. Jdid, XXXI., 480. 

Mustrations of ancient buildings in Kashmir, by H. H. Cole. London, 1869. 

Kashmir, the Western Himalaya, and the Afghan mountains, by Dr, A, M. 
Verchere. J. A.8., Ben., XXXV,, ii., 89, 159. 

Weatern Himalaya and Thibet: a narrative of a journey through the mountains 
of northeru India during the years 1847-48, by T. Thomson, M.D. London, 
1862. 

Voyage dans 1’Inde, by V. Jacquemont. Paris, 1841. 

Letters from India, describing a journey in the British dominions of India, 
Tibet, Lahoré, and Cashmere during 1828-31, by the same. Londor 1834, 

Notes taken in 1829 relative to the territory and the Government of Iskardo, 
by C. M. Wade. J. A.8., Ben., IV., 589. 

Notes on Iskardo, by Vigne. Jdid, V., 56, 308: VI., 778. 

The abode of snow: observations on a journey from Chinese Tibet to the 
Indian Caucasus, through the upper valleys of the Himdlaya, by A. Wilson, 
Edinburgh, 1876. 

The Jummoo and Kashmir territories : a geographical account, by F. Drew, 
London, 1875. 

The northern barrier of India, a popular-account of the Jummoo and Kashmir 
territories, by F. Drew. London, 1877. 

A Gazetteer of Kashmir and the adjacent districts of Kishtwar, Bhadrawér, 
Jamu, Naoshera, Pinch, and the valley of tne Kishenganga, by Capt. 
KB. Bates, B.8.C. Calcutta, 1873. 

Handbook to Kashmir, by Dr. Ince. Calcutta, 1868. 

Recollections of India, by the Hon. C. H. Hardinge. London, 1847. 

Vazeeri Rupi, the silver country of the Vazeers in Kulu, by J. Calvert. 
London, 1873, 

The Himalayan districts of Kooloo, Lahoul, and Spiti, by Capt. A. F. Har- 
court. Lahore, 1874, 

Hunting in the Himalaya, by R, H. Dunlop. London, 1860. 

Large game shooting, Thibet and the North-West, by A. Kinloch. London, 
1876, 

The large and emall game of Bengal and the North-Western Provinces of 
India, by S..J, Baldwin. London, 1876. 

From the Hebrides to the Himélayas, by C. F,G, Cumming. London, 1876. 
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A grammar and vocebulary of the Kashmiri language, by M. P. Edgworth. 
J. A. 8., Ben., X., 1038 

A grammar of the Kashmiri language, by R. Leach. Jbid, XIII., 397, 558. 

Kashmiri vocabulary and grammatical forms, by L. Bowring. Jdid, XXXV.,, 
ii., 225. 

A vocabulary of English, Balti and Kashmiri, by Capt. H. H. Godwin Austen, 
Ibid, XXXV,, i., 328. 

A vocabulary of the Kashmiri language, by Dr. W. J. Elmslie, London, 
1872. 

Kashmiri test-words, by the same. J. A.8., Ben., XXXIX., 95. 

A vocabulary of the Koonawar language, by A. Gerard. Jbid, XI., 479. 

Manners and custom of the Dards, by G. W. Leltner. Ind. Ant., L, 7, 
84, 187. 

The languages and races of Dardiston, by the same. Lahore, 1877. 


Section F.—Afghanistan. 
(a)—BALUCHISTAN, 

Notes taken on a tour through pazt of Baluchistan in 1838-39 by Haji Abdun 
Nabi of Kébul edited by B. Leech. J. A.8,, Ben., XIII, 667, 786. 

Some account of a journey from Kurrachee to Hinglaj in the Lus territory, 
descriptive of the intermediate country and of the port of Sonmeanee, 
oy N. Hart. Jdid, TX., 184. 

Map of the route to Hinglaj, by the same. /did, IX., 916. 

Journeys in Balochistan, Afghanistan, the Panjdb, and Kelat, by C. Maseon. 
London, 1844. 

Caravan journeys and wanderings in Persia, Afghanistan, Turkistan, and 
Baluchistan, by J. P. Ferrier. London, 1856. 

Travels in Belochistan and Scinde, by H. Pottinger. London, 1816. 

Central Asia, Part III., Balochistan, by Col. MacGregor. Calcutta, 1875. 

The country of Balochistan, by A. W. Hughes. London, 1877, 

Gazetteer of Sind, by the same. London, 1874, 

Report on the country between Kurrachee, Tatta, and Sehwan Scinde, by 
E. P. de La Hoste. J. A.S., Ben., IX., 907. 


Brief history of Kalat, brought down to the deposition and death of Mehrab 


Khan Brahoee, by R. Leech. /bdid, XII., 473. 

Memorandum on the Beloch tribes in the Dera Ghézi Khan district, by 
Capt. Minchin. Lahore, 1869. 

Sindh and the races that inhabit the Indus valley, by R. Burton. London. 
18651. Corespondence relative to Sinde, 1836-43, preseyted to both 
houses of Parliament by Her Majesty's command, Calcutta. 1844. 

Note on the Brahooes, by N. Hart. /did, X., 136. 

General notice of the tribes of Kujjukzyes, by the same. /did. 1X.,1214. 

Report on Upper Sindh and the eastern portion of Cutchee. with a memo- 
randum on the Beloorhee and other tribes of Upper Sindh and Cutchee, 
by J. Postans. Jbid, ..11., 123. 

Vocabulary of the Scind language, by J. B. Eastwick. Bombay. 1643. and 
3.4.3 on. XI, 1, 
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Sindhi and English dictionary, by G. Stack. Bombay, 1855. 

Sindhi reading-book, by Dr. E. Trumpp. London, 1858. 

Grammar of the Sindhi language, by the same. London, 1872. 

Grammar of the Sindhi language, by W.H. Wathen. J. A.8., Ben., VI., 347. 

Epitome of the grammars of the Brahniky, the Balochky, and the Panjébi 
languages, with vocabularies of the Baraky, the Pashi, the Laghmani, the 
Cashgari, the Teerhoi, and the Deer dialects, by Lieut. R, Leech. Bid, 
VII., 538, 608, 711, 780, 

A Balocheo grammar, by KE. Mockler. London, 1877. 


(6)—WESTEEN FRONTIER. 

Narrative of a journey into Khorasan and the countries north-east of Persia 
in 1821-22, by J. B. Fraser. London, 1825, 

Extracts from a demi-oflicial report on a mission into Khorasan, by A. Conolly, 
J. A. 8., Ben., X., 116, 718. 

Ibn Haukul’s account of Khorasan, by W. Anderson. bid, XXIL, 162, 

A description of the country of Seistan, by R. Leech. bid, XIII, 115. 

Sketch of the physical geography of Seistan, by A. Conolly. bid, IX., 710, 

Journal kept whilst travelling in Seistan, by the same, Ibid, X., 319. 

Narrative of a journey from Heraut to Khiva, by Capt.J.Abbot. London, 1843, 

Central Asia, Part IV., Persia, by Col. MacGregor. Calcutta, 1871. 

Narrative of a journey through the Province of Khorasan and on the north- 
western frontier of Afghanistan in 1875, by Col. C. M. MacGregor, 
London, 1879. 

From the Indus to the I,7is : a narrative of a journey through the countries 
of Baluchistan, Ai/ybatistan, Khorasan, and Iran in 1872: together with a 
synoptical grammar and vocabulary of the Brahoe language, by H. W. 
Bellew. London, 1874. 

Ciouds in the east: travels and adventures on the Perso-Turkoman frontier, by 
V. Baker. London, 1876. 

Journey on the Turkoman frontier of Persia, by G.Napier. P. R.G.8., XX., 3. 

Eastern Persia: an account of the journeys of the Persian boundary com- 
taission, 1872. London, 1876, 

The sixth great oriental monarchy, or the geography, history, and antiquities 
of Parthia, by Professor Rawlinson. London, 1876. 

The seventh great oriental monarchy, or a history of the Sassanians or new 
Persian Empire, with notices, geographical and antiquarian, by the same. 
London, 1876, ; 

Persia, from the earliest period to the Arab conquest, by W. 8. W. Vaux. 
London, 1876. 

(c)—ArGHANISTAN. 

Journey from Bengal to England through Kashmir, Afghanistan, and Persia 
into Russia, by G. Forster. London, 1798. 

Account of the kingdom of Cabul, comprising a history of the Afghan 
nation, by M. Elphinstone. London, 1818. 

Account of the kingdom of Cabul and its dependencies in Persia, Tartary, and 
India: a view of the Afghan nation and history of the Dooraunce 
monarchy, by the same. London, 1842, 
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Narrative of a visit to Ghagni, Kabul, and Afghanistan, by G. Vigne. Lon- 
don, 1840. 

Journey to and residence in Cabul, by A. Barnes. London, 1842. 

Journey to the north of India overland from Englaod, by A. Conolly. London, 
1834. . 

Ariana Antiqua: a descriptive account of the antiquities and coins of 
Afghanistan, with a memoir on the buildings called topes, by C. Masson, 
by H. H. Wilson. London, 1841. 

Ancient geography of India: Buddhist period, by A. Cunningham. Yondon, 
1871. 

Memoirs of Zehir-ed-in Muhammad Baber, written by himself in Jagh:tai 
Turki, translated from the Persian version by Leyden and Erskine. Lon- 
don, 1826. 

Geographical notice of the valley of Jalaldbad, »y G. H. MacGregor. J. A. 4., 
Ben., XL. 117. 

Notice of Jalélabad, by J. G. Gerard. did, IIL, 326. 

Journal of a political mission to Afghanistan in 1857, by Dr. Bellew. 
London, 1862. 

On the highland region adjacent to the trans-Indus frontier of India, by 
Col. J. T. Walker. B. G.S.J., XXXII, 316. 

Central Asia, Part IL, Afghanistan, by Col. MacGregor. Calcutta, 1875. 

Survey operations of the Afghanistan expedition, the Kurram valley, by 
Capt. G. Martin. P.R.G.5., L, 617, N. 8. 

Afghan geography, by C. 2. Markham. P.R.G. S., XX., 4, 1876. 

Mountain passcs on the Afghan frontier, by the same. Jbid, I., 38, N. 5. 

The upper basin of the Cabul river, by the same. bid, 110. 

The basin of the Helmund, by the same. Jbid, 191. 

The mountain passes leading to the valley of Bamiar, by Lieut.-Col. Kaye. 
ibid, 244. 

March and operations of the army of the Indus to Afgh-nistan in 1838-34. 
by Major W. Hough. London, 1841. 

British operations at Kabul in 1841-42, by thc same. London, 1849. 

Campaign in Sinde and Afghanistan, hy Col. Outram. London, 184U. 

Narrative of the campaign of the army of the Indus, in Scind, and Cabul in 
1838-39, by RB. H. Kennedy. London, 1840. 

Diary of a march through Sinde and Afghanistan, by Rev. J. N. Allen. 
London, 1843. 

Sale’s brigade in Afghanistan, by Hev. G. RB. Gleig, Londen, 1846. 

The Sikhs and Afghans immediately before and after the death of Banyit 
Singh, from the journal of an expedition to Cabul througk the Panjab 
and the Khaibar Pass, by Shahamat Ali. Calcutta, 1847. 

History of the war in Afghanistan, by J. W. Kaye. London, 1851. 

Reminiscences of forty-three yeare in India, by Lieut.-Genl. Sir. G. Law- 
rence. London 1874. 

A retrospect of the Afghan war, with reference to passing events in Central 
Asia. by Sir V. Eyre. London, 1869, 


The Panjab and North-Western frontier of India, by Major-Genl. H. Coxe, 
London, 1878. 
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General Gilbert's raid to the Khaibar, by R. W. Bingham. London, 1850. 

History of Aghanistan from the earlier period to the outbreak of the war in 
1878, by Col. Malleson. London, 1879. 

Journal of a tour through part of the Pamjéb and Afghanistan in the year 
1887, by Agha Abbass of Shiraz, edited by BR. Leech J. A.8., Ben., 
XII., 564. 

Account of parts af the Cabul and Peshawar territories, by the same. Jdid, 
XIV., 660. 

Reporte by Burnes, Lord, and Wood, politica!, geographical, and commercial, 
on Scinde and Afghanistan. Calcutta, 1839. 

Memoir on the elimate, sail. produce, and husbandry of Afghanistan, by Lieat. 
Irwin. J. A. 8. Ben., VIL, 745, 779, 869, 1005 : LX., 33, 189. 

Extracts from a report on subjects connected with Afghanistan, by W. 
Griffiths. Ibid, X., 977. 

Notes on the geography of Western Afghanistan, by W. Anderson, Ibid, 
XVIIL, i., 553. 

Verification of the itinerary of Hwen Thsany through Afghanistan and India, 
by Capt. A. Cunningham. Jbdid, XVIL,, i., 476, and ii., 13. 

Route from Dera Ghési Khén through the Veriri country to Kébul, by 
M. Honigberger. Jbid, III, 175. 

Route from Dera Ghézi Khén to Kandahar through the Sakhi Sarwar and 
Bosdar passes, with other routes, by R. Leech. Jdid, XILII., 527. 

Diary of a trip to Pind Dadan Khén, &c., by A. Fleming. Jbid, XVL, L, 664, 

Account of Ghazni. Jbid, VI., 778. 

Itinerary from Yezd to Herat (official). XIPI., 827. 

Route from Kandahar to Herat (official). X1II., 131. 

Report of a journey by Candahar, Kébul, and the Panjéb from Herat to Simin, 
by Major Todd. XIII, 339. 

Description of Herat, by Mohan Lal, III., 9. 

Central Asia, Part L, our north-western frontier, by Col. MacGregor. Cal- 
cutta, 1871. 

Bamnn, or oar Afghén frontier, by 8. Thorburn. London, 1876 

Notes on the Bunnoo district, by Major H. B. Urmston. Lahore, 1869, 

(d@)—LANaQvuaGes, 

Dictionary of the Panjébi language, prepared by a Committee of the Lodiana 
Mission. Lodiana, 1854. 

Pukhto-English dictionary, by H. G@. Raverty. London, 1860. 

Grammar of the Pukhto or Pushto language, by the same. London, 1869. 


Grammar of the Pashto, or language of the Afghéns, by Dr. E. Trumpp. 
London 


Dictionary of the Pukkhto or Pukshto language, by H. W. Bellew. London, 1867. 
Grammar of the Pukkhto language, by the same. 


Grammar of the Pushtoo or Afghéni language, by R. Leech. J. A S., Ben, 
VIL, i, : XOXIIL, 550, 
Is the Pushto a Semitic language? by Rev. I. Loewenthal. Ibid, KXIX., 323. 


Some remarks on the origin of the Afghan people and dialect, by H. @. 
Raverty. Jbid, XXIII, 560, 
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Translation of the Pukhto text-book, Kalid-i-Afghéni, by T. C. Plowden. 
Lahore, 1875. 

Notes on the Eusofzye tribes of Afghanistan, by E. Conolly. /did, 1X.. 924: 
XVII, i., 624. 

Beport on the Yoosoofeaie district, by Lient. H. B. Lumsden. Sel. Bec. 
Panj., 1., 5, 1853. And Covert, J. A. 8., Ben., V., 481. 

An account of tl.e early Ghiljaees, by R. Leech. Jbid, KIV., 306. 

An account of the early Abdalees, by the same. Jbid, KIV., 445. 

An account of the Hazarehs, by the same. Jdid, XIV., 893. 

Account of Roh in Derajat, by H.G. Raverty. Jbid, XXVI., 177. 

The district of Dera Isméil Khéu, by T. W. Tolbort. Zbid, XL., 1. 

History of the Gakkhars, by J. G. Delmerick. bid, XL., 67. 

Rough notes on the Khutuks of the Teree country and Khurah below Atok, 
by Lieut. F. H. Pollock. Lahore, 1850. 

Report on the eastern Khutuks. by Lieut. H. Lumaden. /bid, 1851. 

The lower Derajét frontier, by Capt. G. 0. Jacob. Jbid, 1854. 

Kohietan of the Jullundhur Doab, by Lieut. Parish. J. A.8., Ben., XVIL, i., 
281: XVIIL, i., 360. 

The Syads cf Tira and their quarrels with the Sunis, by Capt. P. Cavaguari 
of Kohat. Lahore, 1875. 

Notes on the Dera Ghazi Khan district and its border tribes, by R. Bruce. 
Lahore, 1871. 

Memorandum on the Dera Ghézi Khan district. Sel. Rec. Panj., IV., 4, 1600. 


(e)—Kouisran. 


An account of upper and lower Suwat and the Kohist&n to the source of the 
Suwat river and of the tribes inhabiting those valleys, by Capt. H. G. 
Raverty. J. A.S., Ben., XXXL., 227. 

An account of upper Késhkér and Chitrél or lower Kashkér, together with the 
independent Afghdn State of Paujkorah, including Talésh, by the same. 
Iéid, XXXIIL, 126. 

An acconnt of the Panjkora valley and upper and lower Késhkéra, by Rajah 
Khén of Cabul, edited by R. Leech. /hid, XIV. 812. 

Some account of a visit to the plain of Koh-i- Daman, the district of Ghortand 
and the pasa of Hindu-kush, by P. B. Lord. Jdtd, VIL, 521. 

On the Siah-poah Kaffirs, with specimens of their language and costume, by 
Capt. A. Burnes. J. A.8., Ben., VII., 325. 

Information regarding the Siah-posh tribe, by A. Burnes. Ibid, II ; 
305, 

Further information regarding tne same, by Mohan Lall. [did, IIL., 
76. 

On the language of tun Siah-posh Kafirs, with a short list of words, to which 
are aided specimens of Kohisténi and otber dialecta spoken on the 
northern borders of Af,bfniatan, by H.G. Raverty. /Uid, XXIII. 267, 

Notes on Kafiristan, by the same. /bid, XXVIIL, 317. 

On the language of the so-called Kafirs of the Indian Caucasus. Ly Dr, 
Trumpp. J, R, A, Soc. XIX. 
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Section @.—Pamir and Turkistan. 


Memorandum on routes from the Panjab to eastern Turkistén, by T. D, 
Forsyth. Lahore, 1868. 

Report on the route to the Karakash valley and pass, by Dr. H. Caley. Jbid. 

Results of a scientific mission to India and High Asia, by H. A. and R. von 
Schlagentweit. Leipzig, 1861-66. 

Route-book of the western parts of the Himélaya, Tibet and Central Asia, by 
the eame. Leipzig, 1863. 

Labore to Yarkand, by G. Henderson and A. Hume London, 1872. 

Visite to High Tartary, Yarkand and Kashgarh, by R. Shaw. London, 1871. 

The Roof of the world, being the narrative of a journey over the high pla- 
teau of Tibet to the Russian frontier and the Oxus sources on Pémir, by 
Lieut.-Col. T. E. Gordon, C.8.I. Edinburgh, 1876. 

Kashmir and Kashgarh, a narrative of the journey.of the embassy to Kashgarh 
in 1873-74, by H. W. Bellew, C.S.I. London, 1875. 

Report of the mission to Yarkand in 1873 under command of Sir T. D. 
Forsyth. Calcutta, 1875. 

Account of th: survey operations in E, Turkistan, 1873-74, by Capt. H. 
Trotter. Caicutta, 1876. 

A sketch of the Turki language as spoken in E. Turkistén, by R. B. Shaw. 
Lahore, 1875. 

Les confins Anglo-Russes dans |’Asie Centrale: Etude historique, geogrn- 
phique, politique, et militaire sur la Kachyvarie (E. Turkistan), by Capt. 
Kouropatkine. Translated by G. LeMarchand. Paris, 1849. 

Benoit de Goés, missionaire voyageur, 1603-07 (in E. Turkistan), by J. 
Brucker. Lyons, 1879. 

Route from Peshawar to Bokhara, by Dr. Gerard and Lieut. A. Burnes, J. A. 
S., Ben., 1,139: IL, i, 143, 224. 

Memoir on the Usbek State of Kokan, called Khokend (the ancient Ferghana), 
by W. H. Wathen. /bid, III., 369. 

Memoir on Chinese Tartary and Khoten, by the same. Jbid, 1V., 653. 

Notes on the manners and habits of the Turkoman tribes. with some geogra- 
phical notices, by E. Stirling. bid, X., 200. 

Russian geographical operations in Asia, by Col. J.T. Walker. Jbid, KXXV.,77. 

Note on Central Asia. Jbid, XX XIV., 113. 

Ceutral Asie, by T. Hutton. London, 1874. 

Centra} Asia and the Anglo-Russian frontier, by A. Vambery. London, 1874. 

History of Bokhara, by the same. London, 1873. 

Asie Centrale, recherches, by A. von Humboldt. Paris, 1843. 

Travels into Rokhara, journey from India to KAbul, Tartary, and Persia, and 
voyage on the Indus, by A, Burnes. London, 1834. 

Diplomatic traneactions in Central Asia, 1834-38, by J. Urquhart. London, 
1841, 

Journey to the source of the Oxus by the route of the Indus, Kabul and 
Badakshan, by J, Wood. London, 1841. New edition, London, 1872. 
Narrative of a mission to Bokbara in the years 1843-45 to ascertain the fate 

of Col. Stoddart and Capt. Conolly, by Dr. J. Wolff. London, 1846, 
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Mémoire sur la partie méridionsle de ]'Asie Centrale, by N. de Khanik of. 
Paris, 1861. 

Notes of a journey in Russian Turkistan, Khokand, Bokbara and Kuldja, by 
K. Schuyler. London, 1876. 

Campaigning on the Oxus and the fall of Khiva, by J. A. MacGahan. London, 
1876. 


Section H.—Tibet. 

Geographical notice of Tibet, by Csoma de Korés. J. A. 8., Ben. I., 121. 

The physical geography of Western Tibet, by Capt. H. Strachey. London, 
1864, and J. BR. G. 8. XXIIL, 2. 

Tuibet nach den resultaten geographiecher forschungen fréherer und neuester 
eit, by K. Ganzenmiiller. Stuttgart, 1877. 

Tibet, Tartary and Mongolia, by H. T. Prinsep. London, 1851. 

Explorations in Western Tibet by the Trans-Himdlayan parties of the 
G.T.8. P.R.G.S., 444, 1879. 

Historie générale des Huns, des Turca, des Mongols et des autres Tartares 
occidentaux, by Des Guignes. Paris, 1756-58. 

History of the Mongole, by H. H. Howorth. London, 1876. 

History of the Genghizan the Great, first Emperor of the ancient Moguls 
and Tartare, by Petis de la Croix, translated into English. Calcutta, 
1819. 

The book of Ser Marco Polo, concerning the kingdoms and marvels of the 
east, edited by Col. Yule. Jondon, 1875. 

Cathay and the way thither, by the same. London. 

Recueil de Turkestan: comprenant des lives et des articles sur l’Asie Cen- 
trale en général et la province du Turkistim en particulier, by V. J. 
Mejow. St. Petersburg, 1878. 

Notices of the medisval geography of Central and Western Asia, by E. 
Bretschneider. London. 

Notes on Chinese medieval travellers to the west, by the same. 

Itinéraire de Marco Polo 4 travers la région du Pamir au XIIle siécle, by 
J.B. Paquier. Paris, 1876. 

Le Pamir : étude de géographie physique et historique sur l’Asie Centrale, by 
the same. Paris, 1876. 

The Russians in Central Asia, their relations with Khiva, Bokhara and 
Kokand, descriptions of Chinese Turkistan and Dzungaria from tle 
Russian of Valikhanoff, &c., by Messrs. Michell. London, 1865. 

Le Kohistan, le Ferghanah et Kouldja, avec an appendice sur la Kachgarie, 
by C. E. de Ujfalvy de Meso-Kavesd. Paris, 1878. 

Le Syr-Daria, Le Zérafchine, les pays des sept-riviéres et la Sibérie-occiden- 
tale, by the same, Paris, 1879. 

Résultats anthropologiques d'un voyage en Asie Centrale, communiqaés au 
Congrés anthropologique de Moscou, by the same. Paris. 1880. 

Die Russen in Central Asien, by Fr. von Hellwald. Augsburg, 1877. 

Pévtsoff's expedition in North-Western Mongolia, by E. D. Morgan. PRG.S., 
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The Russians on the Amur, by E. G. Ravenstein. London, 1861. 

England and Russia in the East: a series of papers on the politica. and geo- 
graphical condition of Central Asia, by Major-General Sir Henry Rawlin- 
son. London, 1875. 

Mongolia, the Tangut country and the solitudcs of Northern Tibet ; being a 
narrative of three years’ travel in eastern High Asia, by Lieut.-Col. N. 
Prejevalsky. London, 1876. 

From Kulja across the Tian-Shén to Lab Nor, by the same. London, 1879. 

The river of Golden Sand, the narrative of a journey through China and 
eastern Tibet to Burmah, by Captain W. Gill, R. E.; with an introductory 
essay by Colonel H Yule, R. E., London, 1880. 


CHAPTER II. 


PuysicaL GeograpHy oF THE HIMALAYA. 





CONTENTS. 

The Himalayan river basins—The Indus basin—Subordinate systemi of the 
Indus basin ; The Ganges basin—Subordinate systems of the Ganges basin ; The 
Brabmaputra basin—Subordinate systems of the Brahmaputra basin ; Bystems of 
Tibet—Lob-Nor basin ; Oxns basin. Plains of Hindustén—Indus plain ; Indian 
desert ; Gangetic plain ; Asdm valley ; BhAbar ; Tardi ; Siwdliks ; Dans. Extent 
of Bhdbar—Cause of the deposit—Hodgson's oceanic theory ; Fluviatile theory ; 
Tar&i ; Giwdlike ; Dans ; Ganges to Brahmaputra ; Lower Himalaya. Matcriale 
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We have already decided to restrict our use of the word 
‘Himalaya’ to that portion of the great 
mountain girdle which lies between the bend 
of the Indus on the west and the unexplored gorge of the Brahma- 
putra on the east. Hodgson, in 1849, estimated the length of this 
range at 1,800 miles with a mean breadth of about 90 miles, a maxi- 
mum breadth of 110 miles, and a minimum breadth of about 70 miles. 
In fixing the breadth of the Himalaya, however, as in determining 
its length, we have similar difficulties to contend with. For, as we 
have seen that the popular estimate as to the boundaries of the range 
may possibly be correctly extended both on the east and on the west, 
so on the north, the channels of the Indus and the Brahmaputra, 
which are commonly assigned as the northern limit, are found in a 


The Himalaya. 


plateau, but little lower than the passes by which the traveller crosses 
the first line of snowy mountains into Tibet. On the south, we 
have a well-marked descent to the plains of India, but on the north 
there is no immediate descent to a lower country beyond. On the 
contrary, range after range is met with to the north, many of which 
may compete in altitude with the snowy mountains seen from the 
plains of northern India. 

Before procecding to a closer examination of the form of that 
portion of the Himalaya lying within the 
province of Kumaon, it will be convenient 
briefly to describe the river-basins throughout the Himalaya and 


River-basins, 
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endcavour to trace the general law underlying their arrangement. 
For as this depends in the main on the direction of the great. ranges 
and the position of the great peaks, a consideration of it will conduce 
to a clearer apprehension of the entire mountain system itself as 
well as of the relations of its various parts. We find that 
from a water-parting about longitude 81° east and almost imme- 
diately due north of Kumaon, the drainage of the southern part 
of the Tibetan plateau flows north-west in the Indus and south-east 
in the Brahmaputra. These two rivers maintain a course along the 
length of the table-land, and receive as they proceed, the drainage of 
a large part of its breadth ; the exceptions being, first, the eastern 
border, which apparently is drained by the Lu-tse, the Lan-tsang, and 
the Murui-ussu, one of the sources of the Yang-tse-kiang ;! second, an 
occasional strip along the southern edge from which the water passes 
off? more or less directly to the south through the Himalaya; and 
third, the north-western part from which the water has no escape, 
but is collected in lakes at the lowest level it can reach.2 The 
waters thus accumulated in the two great streams are at length 
discharged by two openings in the Himalayan slope through the 
plains of India into the Indian Ocean. No great portion of the 
drainage of the table-land, so far as we know, passes in the opposite 
direction through the northern slope, and the area that discharges 
itself southward at points intermediate between the- debouches of 
the Indus and the Brahmaputra is with one exception, that of the 
Satlaj, comparatively small. The waters of the northern slope with 
a small area of the table-land adjoining flow down to the plains of 
eastern Turkistan : while, in like manner, those of the southern slope 
with the drainage of the exceptional area along the southern border of 
the table-land which passes through the line of water-parting from the 
north, give rise to such rivers as the Jhilam, Chinab, Ravi, Jumna, 


‘From Prejevaleky’s Mongolia (J.ondon, 1876) it would appear that his 
Burkhan Buddha range marks, in 96° longitude, the north-eastern termination of 
the Tibetan plateau. This range forms the southern boundary of the Tsaidam plain, 
which, according to native report, extends thence to Lob-Nor. The Numckhun-gol, 
which rises on the southern face of the Burkhan Buddha range and joins the Baian- 
gol, does not appear to be a feeder of the Hoang-ho or Yellow River, which has its 
origin outside the Tibetan plateau. To the south of the Burkhan Buddha range the 
elevation is from 13,000 to 15,000 as far as the Murui-ussu, the bed of which, whore 
seen by Prejevalsky, was 13,000 fect above the levcl of sea with a channel 750 feet 
broad in January. The name ‘ Murui-ussu’ signifies ‘the tortuous river,’ and, 
according to Yule, it is the Bri-chu of the Tibetans, the Brius of Marco Polo, and 
the Yang-tse-kiang or Blue River of the Chinese. 1 By the Satlaj, Karnali, 
and Arup. 3 Examples of river-systems without an outlet to the occan 
are to be found in the basins of the Caspian, Aral, Balkhash, Lob-Nor, &&c. 
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Ganges, K&li, Gandak, Kosi, and Tista. We thus see that the 
northern crest of the table-land or the summit of its northern slope 
practically forms the water-parting between the rivers that flow 
southwards and those that lose themselves in the plain of Gobi. In 
the southern crest we have a subordinate water-parting separating 
the rivers that fall into the Indian Ocean into two classes ; first, those 
that rise on that slope and flow directly down it to the plains of 
HindustAn ; and secondly, those that are collected along the table-land 
and are finally discharged also through the southern slope, chiefly by 
two concentrated channels at distant points towards the ends of 
the range. Captain Henry Strachey’ has called the northern crest 
of the table-land the Turkish, and the southern the Indian water- 
parting. 
If we examine the river-systems having their source in the 
Himalaya, we find a regularity of plan and 
Indus basin. f 4 
arrangement which at first sight would not 
be expected. Taking the Indus basin and its system, we see that 
the Satlaj and all the rivers that join the Indus on its left bank have 
a south-westerly direction towards the Arabian Sea. On the east 
this system is bounded by the small inland basin of the Kaggar, 
which receives the drainage from an inconsiderable. portion of the 
outer hills between the Satlaj and the Jumna, and finally loses its 
waters. in the Indian desert. The eastern water-parting of the Indus 
system is found in the elevated range extending from the main 
Himalayan mass along the left bank of the Satlaj to Rupur, and is 
continued thence in the uplands bordering the khddir of that riven 
until it meets the Arvali (Aravali) range which’ constitutes the 
north-western abutment of the table-land of Central India. The 
character of the slope towards the south-west will be best understood 
from the following table of heights taken along the course of the 
Satlaj to Ludhiéna, and thence by the Grand Trunk Road to the 
Jumna :—Taru, about two miles below the junction of the Panjnad 
and Indus, 337 feet above the level of the sea ; Bahdwalpur, 375 
feet ; Nur Shah, 481 feet; Pir Khalis, seven miles north-east of 
Bahaéwalgarh, 548 feet ; Fazilka, 588 feet; Firozpur cantonment, 
645 feet ; Jagraon, 765 feet ; Ludhiana, 806 feet ; Amballa Church, 
899 feet ; and Madalpur, on the banks of the Jumna khadir, 906 
iJ. R,G.S., XXIIL, p. 7, 
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feet. From Sodiwila in the Firozpur district southwards on the 
75th meridian we have Sodiwala, 718 feet; Ahmadwala, 705 feet ; 
Sirsa, on a mound, 737 feet; level of Sambhar lake, 1,184 feet.? 
These observations show a slight depression towards the south in 
addition to that towards the south-west, and would make us include 
the Kaggar inland basin in the Indus system. The Sotra or Hakra, 
the ancient river of the Indian desert, seems, however, to have once 
had its debouche in the Ran of Kachh,? and wouid therefore be still 
entitled to be considered separate. To the west the Ravi and the 
Chin&b run in lines almost parallel to the Satlaj, as -vell as the Jhilam, 
from the town of that name, until it takes a bend to the south to its 
junction with the Chinab. To the west, the water-parting of the 
Indus commences at Cape Monze on the Arabian Sea, and <dvances 
nearly northwards along the Hala mountains to the east of Sohrab, 
Kalat, and Quettah (Kwatah). It thence continues in the same 
direction along the western Sulaiman range, also known as the 
Konak, and Kub Jadran range to the Safed-koh, at the head of 
the Kurram valley. Thence it follows the crest of the Safedkoh 
westwards to the hills north of Ghazni, where it separates the 
southern affluents of: the Kabul river from the waters of the small 
inland basin of lake Abistéda. The direction is then continued north- 
westerly to the ridge separating the head-waters of the Argand-ab 
from those of the Kabul river, and again in the range that separates 
the waters of the Halmand basin from the most westerly affluents of 
the Kabul river, whence a transverse ridge near the pass to Bamian 
connects the line of water-parting with the Hindu-kush. For 300 
miles the line follows the Hindu-kush to its junction with the great 
Taghdambash Pamir near the Baroghil pass. It then follows the 
Muztigh range,’ but cuts through it around by the Kérakoram 
pass tu the north, so as to include the tributaries of the Shayok, and 
proceeds in a south-eusterly direction by the Aling Gang-ri to its 
junction with the Gang-ri at Kailas, where a transverse ridge 
separates the head-waters of the Indus, the Brahmaputra, and the 
trans-Himalayan feeder of the Ganges system. The Indus has a 
length of 1,800 miles, and, according to Mr. Saunders, its basin has 
an area of 372,000 square miles. 


'G. T.S. tables. * See Notes on the losi river of the Indian desert, 
Cal. Rev., July, 1874. *‘Tce-mountain’ : a better name than Karakoram 
(olack-gravel ), which should be restricted to the pass, 
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The Hala mountains to the south of the Mula pass are better known 
Subordinate systems of 28 the Khirthar hills and as the Pubk hills, 
the Indus basin. and the drainage from them loses itself in the 
plains before it can reach the Indus. The same may be said of the 
drainage through the Mula and Bolan passes, and that by the Thal 
valley. To the north, the Luni, Gomal, Kurram, and Kabul rivers, 
each possessing a perennial stream, have an easterly course more or lesa 
parallel to each other, and break through the range bordering the 
right bank of the Indus by deep and narrow gorges which form the 
passes into the upper country. The Kabul river itself is the drainage 
channel for the very elevated country from the hills north of Ghazni 
to the Baroghil pass north of Chitral, and from Naushera to the pass 
leading to Bamidn, and thus forms a compact subordinate system 
wel] deserving of separate study.! The upper waters of the Jhilam 
drain the Tile and Kashmir valleys, and have a general direction 
between west ard north to Muzaffarabad, where they unite, and, 
meeting a meridional ridge, take a bend southwards to the plains. 
The Chindb. in the upper portion of its course known as the Chan- 
dra, has a similar direction between west and north until it meets 
the spurs from the range which forms tht water-parting between it 
and the Jhilam, whence it seeks an outlet southwards towards the 
plains. The Ravi runs in a valley parallel to that of the Chin&b 
and south of it until it meets the outliers of the range that forms 
the water-parting between it and the Chindb, when it aleo turns 
suddenly southwards towards the plains. Next comes the Bifs, 
which has also a westerly direction until it meets the ridge between 
it and the Ravi, when it takes a bend to the south through the outer 
hills. The upper course of the Satlaj has a similar westerly trend 
until it meets the great obstruction culminating in the Leo Porgyul 
peak, after which the direction is between west and south until it 
enters the plains. A. range runs between the Satlaj and the southern 
branch of the Indus from the meridian of Tirthapuri by Gar, to 
where it is joined by the ridge connecting it with Leo Porgyul, and 
thence into Rupshw to the north of the Tso Moriri lake, and consti- 
tutes the subordinate water-parting between the Satlaj itself and the 


1 For interesting articles on the tract between the Arabian sea and the Gilgit 
river, by Mr. CO. R. Markham, see Proceedings R. G. 8., 1879: the mountain passes 
on the Af, frontier of British India, p. $8 : the upper basin of the Kabul river 
p. 110: basin of the Helmund, p. 19]. 
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Indus. Thus we see that the great feeders of the Indus system 
from the west have a similar character, and that those from the east, 
from the Himalaya proper, have a general westerly direction, in the 
upper portions of their courses in the hills, until they turn south- 
wards towards the plains, where the direction is south-west to their 
junction with the Indus. 


Next we have the Ganges basin with its subordinate systems. 
To the north, the water-parting, as a rule, 
follows the ghat-line of the Himélaya and 
on the extreme west separates the sources of the Jadh-Ganga, one 
of the head-waters of the Bhégirathi, from the Hop-gadh, an affluent 
of the Satlaj. North of Kumaon, however, we have a phenomenon 
similar to that observed near the Karakoram!' pass, where the waters 
of the Shayok, Yarkand, and Kérakash rivers have a common origin 
in that elevated plateau at no great distance from each other. We 
find that to the east of the Unta-dhura pass, north of Milam in 
Kumaon, the water-parting of the Ganges basin crosses to the north 
of the ghat-line to a place called Tara, where the sources of the 
Satlaj and the Karnali lie close together, “divided by an almost 
level plain, across which a man. might walk from one river to the 
other in an hour or two, without a vertical ascent or descent of 500 
feet,” yet the waters of one stream seek the sea at Karichi, and of 
the other by Goalundo. Further east the water-parting is continued 
in the ghat-line to the Arun river, which has its sources to the north 
and forces for itself a way through the Himilaya to the plains. The 
water-parting then follows the eastern boundary of Nepal to the 
plains, where an intricate system of drainage is met with, throwing 
off feeders sometimes to the Brahmaputra and sometimes to the 
Ganges down to their junction at Goalundo. Following the hne 
on the west from east longitude 79° 11 and north latitude 25°, we 


1 Dr. Scully describes the appearance of the country between the top of one 
of the Shayok gorges and the Karakoram pass thus :—‘ At the top of the ascent. 
strange sight met our eyes, for we found ourselves on an immense umdulating plain, 
the Dipsang, which looked like the top of the world. * * Northwerds, in front of 
us, Wu saw a few irregular flat-topped hillocks, they looked like scattered about * * 
I had occasion to jook back in the direction of the route by which we had come. A 
fine snowy range of mountains met my view and looked quite continuous ; but, of 
course, this was a deceptive appearance, as we had passed through this chain without 
-rossing any pass.” This was the Muztdgh range, whilet the KArakoram pass, dis- 
tant about 25 miles ahead and forming the water-parting, lay amongst the sceming 
hillocks, a fact which shows that though a range may form a water-parting, 8 water- 
parting does not always form a part of arange. Colonel Gordon gives views of the 
Karakoram pass in his ‘ Roof of the World.’” 


The Ganges basin. 
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find in the extreme north-west that the water-parting keeps to the 
crest of the range runhing along the left bank of the Baspa, an 
affluent of the Satlaj, and is continued by Hattu to the ridge on which 
Simla is built. Thence it proceeds southward, and then eastward 
along the right bank of the Giri to the junction of that stream with 
the Jumna near Rajghét. Here the water-parting turns southwards 
along the line separating the drainage area of the Kaggar system 
from that of the Jumna, and continuing along the Arvali range 
and the edge of the Malwa plateau, pa.zes through the Jabalpur 
and Mandla districts, separating the sources of the Nerbudda 
from those of the Son, and then along the range connecting the 
Satpuras with the Rijmahél hills to the plains, where it follows 
a course along the left bank of the Sabanreka to the sea. Mr. 
Saunders has given the length of the main stream of the Gan- 
ges as 1,514 miles, and the area of its basin at 391,000 squa-e 
miles. 


The Ganges basin, like that of the Indus, possesses several subor- 
Subordinate systems of dinate systems that may be called in their 
the Ganges basin. order from west to east, the Jumna-Ganges, 
Karnali, Gandak, and Kosi systems. The alpine basin of the Jumna- 
Ganges system is bounded on the west by the well-defined range 
which descends from the Jamuotri group of peaks to the Satlaj river, 
and on the east by a similar ridge descending from the Nanda Devi 
group of peaks and separating the waters of the Pindar from those 
of the Himalayan Sarju. To the north, the ghat-line separates it 
from the source of the Karnéli om the east, and the source of the 
Satlaj on the west. Although the upper waters of both the Jumna 
and the Alaknanda, or principal source of the Ganges, have at first 
a westerly direction, they soon take a bend ‘to the south, and form 
the main channels to which are directed their affluents from either 
side. It is remarkable that, with the excepticn of the Ramganga, 
which unites with the Ganges in the Farukhabad district, neither the 
Jumna nor the Ganges before their junction receives any consider- 
able affluent of Himalayan origin during its course through the 
plains. The western boundary of the alpine basin of the Karnali is 
marked by the ridge extending from the Nanda Devi group between 
the Pindar and Sarju rivers, already noticed. The eastern boundary 
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is formed by a similar ridge descending from the Dhaulagiri group 
of peaks. To the west the Sarju, eastern Raémganga, Gori, and Kali- 
enter the plains in one stream as the Sérda. Then the Swetaganga 
Karnéli, and Bheri form the Karnali, and further east we have the 
Jhingrak or R4pti and its affluents. All unite in the plains to form 
the Ghogra, which joins the Ganges to the south of the Ghazipur 
district. But this unitising law is better exemplified in the alpine 
basin of the Gandak, which reaches from the Dhaulagiri group 
to the Gos&in-than group of peaks. We have here seven rivers 
named in order from west to east, the Barigar, Nardyani, Sweti- 

gandaki, Marsyéngdi, Daramdi, Burhiya-Gandaki, and Trisul- 
Gandaki. These are called the seven Gandaki by the Nepdlese, and 

unite their waters at Tribeni within the hills to form the Gandak 
river of the plains. Here we have what Hodgson! terms an admi- 
rably defined natural division lying between two great groups of 
peaks. In the same nianner as the KarnAli basin is bounded on the 

west by the spur descending from the Nanda-Devi group of peaks, 

and on the east by the ridge from the Dhaulagiri group, so the 

Barigér of the Gandak system does not receive a single streamlet 

from the westward of the Dhaulagiri ridge, nor does the Tristl of 
the same system receive any water from the east of the ridge 

descending from Gosdin-than. The alpine basin of the Kosi lies 

between the Gosdéin-than group and the Kanchinjinga group of peaks, 
and, like the Gandak system, consists of seven rivers,2} nown as the 
seven Kosis. These, named in their order from west to east, are the 
Milamchi or Indrawati, the Bhotiya-Kosi, Taémba-Kosi, Likhu-Kosi, 
Dud-Kosi, Arun, and Tamra or Tamor. The Arun has one of its 
sources to the north of the line of snowy peaks seen from the 
plains, and the Tamor is also said to have trans-nivean affluents, 
but all the others rise on the southern slope of the Himélaya, 
and unite within the hills at Vardha-Kshetra above Nathpur. The 
subordinate systems of the Ganges basin thus appear to be strongly 
characterised by a common origin within an area bounded on the 
north by the ghit-line, and on the west and east by well-marked 
groups of culminating peaks, whence ridges descend and form the 
water-parting between successive systems. 


‘See his article on the Ganges basin, J. A. 8., Ben., XVIII, 761. 2 Ibid, 
AVL, ii., 646, 
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The Brakmaputro basin in its full extent has not been explored, 
but sufficient evidence has been collected by 
recent travellers to show that from the water- 
parting between the sources of the Brahmaputra and the Indus, the 
northern water-parting of the former river continues in a range of 
lofty peaks on its left bank to the bend towards the south, by which 
it reaches the plains of India. This range has a direction south-east, 
and to the west of the 86th meridian is sufficiently distant from the 
Brahmaputra to allow of such uffluents as the Chachu and the Charta 
rivers. About the 86th meridian, a line of peaks culminating in the 
Térgot La stretch in a north-easterly direction to the Gy&khérma 
group of peaks, south-east of the Ky&ring-cho or Kyéring lake, one 
of the sources of the N&k-cha-khe. The drainage of the southern 
slope of the range is sent by the Damphu-chu into the Kyéring lake, 
so that the northern water-parting of the Brahmaputra must here 
approach much closer to the river and run in a south-easterly direc- 
tion. On the 89th meridian, it descends as low as the 30th parallel 
in the Shiang Lahu range, which appears to be connected with the 
great Ninjin-thangla range of snowy peaks to the south of the Jang 
Namcho or Tengri-Nor lake with a trend to the north-east, for it 
gives the head-waters of the Ki-chu or Lhasa river from its southern 
slope, ag well as other important streams further east, regarding 
which our information is still very imperfect. To the north-east we 
find the N&k-chu-kha or Hota Sanpo, a large river that issues from 
the Chargat lake about north latitude 32° and east longitude 89°, 
and flows eastward, having its drainage area on the south, bornded 
by the water-parting between it and the Brahmaputre basin This 
great river takes a bend to the south, and according to one of the 
Pandit explorers, flows by Tésiamdo on the road from Lhhsa to 
Bathang, and thence through Amdu to China, under the names 
Méchu and Konkong. These names would connect it with the Yang- 
tse, but if if flows by Tsiamdo it should be one of the branches of the 
Lan-Tsang, the name of the upper portion of the Mekong or Kam- 
bodia river. Des Godins notes that the Nu-Tse or La-Tse is known 
as the Ngen-kio in Tibet, a name which may perhaps be referred to 


Brahmaputra basin. 


'G.T. S. Rep., 1873-76, p. 63, The Atheneum of the 17th Apri 
: , », 9 1880 
the arrival of Ecionel Prejevalsky at Né&k-chu-kha, abeut eelseurien north of 
Lhasa, and we shall doubtless obtain some solution of the problem co ted 
with this river from this great traveller, oe 
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the Nék-chu, and it would then be the head-waters of the Salween 
whilst others claim it as the source of the Irawadi. All that ay 
therefore, be said is that there is a great river in eastern Tibet, 
between which and the Brahmaputra is an unexplored tract of 
country, and within it will be found the eastern water-parting of 
the Brahmaputra. So far as we may conjecture from the imperfect 
materials at our command, the range that forms the northern water- 
parting of the Brahmaputra takes a sudden bend southwards 
between the 96th and 97th meridians along the right bank of the 
Lu-Tse. Thence one branch proceeds westwards in the Patkoi 
range, and another southwards, between the Irawadi and Salween. 
To the south, the water-parting follows the crest of the Patkoi 
range, and is continued westwards in the Manipur, Lushfi, and 
Chittagong hills, where it separates the southern affluents of 
the Brahmaputra from those of the Barmese systems. To the 
west, the water-parting is conterminons with that of the Ganges 
basin. Mr. Saunders estimates the course of the Brahmaputra 
at 1,800 miles, and the area of its basin at 361,000 square 
miles. 
Following the systems that carry off the drainage from the south- 
Subordinate systems of FD slopes of the Himalaya and join the Brah- 
the Brahmaputra basin. = maputra in its course through the plains, we 
trace much the same regularity found in the subordinate systems of 
the Ganges basin further west. The Tista system of Sikkim is 
bounded on the west by a ridge descending from the Kanchinjinga 
group of peaks, and on the east by a similar ridge from the Chumalari 
group that also forms the eastern boundary of Sikkim. The alpine 
rivers of this system in order from west to east are the Bari Ranjit, 
Ratong, Lachen, Lachung, and Rang-chu, and all unite within the 
hills above Kalingpong to the east of Darjiling. The alpine basin 
of the Tarsa-Gangadhar system extends from the Chumalari group 
on the west to the ridge descending some fifteen miles east of the 
90th meridian in the 28th parallel, and which separates the waters 
of the affluents of the Tarsa from those of the Manés system. The 
rivers of this alpine basin from west to east are the Ammo, Dor, 
Par, Wang, Ma, Pachu, and Tanchu, which unite within the hills 
to form the Tarsa and the Gangadhar tributaries of the Brahmaputra. 
Further east comes the Manas system, of which the western water- 
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parting is conterminous with that of the Tarsa-Gangadhar system. 
On the east, it is bounded by a ridge descending from the group of 
snowy peaks to the west of the Karkang pass crossed by the Pandit 
on the Tawhng route in 1873, and for its alpine feeders has the 
Mati, Manés, Kara, Lhopra, and Tawing streams, which apparently 
also unite within the verge of the mountains to form the Manés. 
Eastwards lies the Subansiri system between the Mangs and the 
Dihong. The Sikang-chu, which rises to the south of the Karkang 
pass, probably forms one of its sources, but the remainder lie within 
the wild country of the Abors and have not yet been explored. The 
southern affluents of the Brahmaputra during its course through 
the valley of Asém are not so important, and may be divided into 
two classes—those which carry the drainage of the northern slope 
of the hills inhabited by the Singpho, Aror, and Naga tribes, 
and fall directly into the Brahmaputra, and those which carry 
the drainage of the northern slope of the hills of the Lushéi 
country and hill Tipura and of the southern slopes of the Jaintiya, 
Khasiya, and Géro hills to the Megna, which joins the Brahma- 
putra below Dakksa. To the former class belong the Dihing, 
Disung, Southern Dhansiri, and Kopili, and te the latter the 
Barak, Stirma, and Dhani.’ To the extreme east of the Asam 
valley is a snowy range from which issues the Lohit or Brahmakund 
river that gives its name to the Brahmaputra; but geographers 
have applied the same name to the great river flowing by Lhasa, 
and which the best authorities identify with the Dihong that 
joins the Lohit in the upper valley of As&m. The more general 
name of the Brahmaputra, in the upper portion of its course, 
seems to be ‘Tsanpo’ or ‘ Sanpo,’ meaning ‘the river’ or ‘the 
great river,’ used like ‘Ganga’ in the plains and ‘ Kiang’ in 
Chins. In As&m, the name varies with the tribe inhabiting its 
banks or those of its tributaries, so that the designation ‘ Bralnna- 
putra,’ to express the entire course of the river from its source to 
the north of Kumaon to its junction with the Ganges, must. be 
considered a convenient device of geographers, and not a teri 
based on received usage. We have seen that at its junction with 


1 Any further discussion of the aysiems of the Asém valley would be out of 
lace here; they are sufficiently described in the Asém Gazetteer, to which the reader 
in search of further information on this subject is referred. 


72 HIMALAYAN DISTRIOTS 


the Lohit, the Brahmaputra is called the Dihong.' East of this 
junction, the Lohit receives a tributary fram the north, called the 
Dibong, and on the south another called the Dibing, and again 
one called the Disung. Much confusion has resulted in Asim 


geography from not remembering that all these names refer to 
different rivers.* 


We have already noticed the division of Tibet into the eastern, 
ices western, and central provinces. It is called 
Si-taang by the Chinese, and is also known 
under the names Tu-pu and Mu-tu, or Upper and Lower Tibet. From 
the accounts of the eastern province in the writings of Klaproth, Huc, 
Blakeston, Cooper, Des Godins, and Gill, we may assume that the 
drainage to the east of the 96th mendian has a southerly direction, 
and that the general conditions resemble much those further west. 
Pengshan on the Yang-tse in western Sz-chuen is 1,500 feet above 
the level of the sea. At Ching-tu, some seventy miles due north of 
Pengshan, Cooper, in March, found the fields in the neighbourhood 
occupied by luxuriant crops of wheat, barley, sugarcane, and opium, 
the latter of which demande a climate similar to that of the plains 
below the Kumaon Himflaya. The same traveller crossed the 
Yalung and Kinsha branches of the Yang-tse between Chingtu and 
Bathang, and beyond Tatsien-lu entered Eastern Tibet, where yake 
are used in the carrying trade and a more alpine climate is met with. 
Bathang on the west ha much the same position with respect to the 
elevated highland to the north that Chingtu has on the east, but lies 
a degree of latitude more to the south than Chingtu ; so that from 
the meridian of Bathang, the range dividing the Tibetan plateau 
from the plains of China seems to take a north-easterly direction. 
The feeders of the Yang-tse and other rivers find their way through 
this range by a series of gorges similar to that of the Dihong 
further west. Between the Yang-tse and the Dihong, we have two 


) Klaproth suggested the Irawadi as the coniinuation of the Sanpo, end Colonel 
Godwin-Austen was the principal advocate for the Subansiri ; Progs. BR. G. B., 
August, 1876, but the researches of the Pandit employed by Lieutenant Harman 
perhaps show that the Dihong is the real representative of the Sanpo, and that the 
bend it takes beyond Chetang is quite sufficient to leave a large water-shed for the 
Subansiri. The most recent advocate of the Irawadi as the true continuation of 
the Sanpo is Mr. R. Gordon, in his elaborate ‘ Report on the Irrawaddy River. 
The first volume is illustrated with hydrographical hypsometrical and orographi- 
cal maps of Tibet and the neighbouring countries together with a hyetographical 
map of India. See Peal's observations on Asém nomenclature in J.A.8., Ben. 
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great rivers, the Lan-tsang identified with the Mekong or river of 
Kambodia, and the Lu~tse or upper course of the Salween. Father 
Des Godins informs us that the Mekong has its origin in about 33° 
to 34° north latitude in the mountains south of Koko-Nor, and the 
Lu-tse further west is known as the Ngen-kio in Tibet ; but whether 
this name is to be regraded as one with the N&k-chu-kha of the 
Pandit explorer is left to future travellers to decide. 


Turning new to the upper portions of central and western Tibet, 
we find from the Pandit explorations that the drainage to the north 
of the northern water-parting of the upper portions of beth the 
Indus and the Brahmaputra flows into a number of lakes. East of 
the 84th meridian, these lakes appear to be connected the one with 
the other, and eventually with the great river N&k-chu-kha, which 
has an easterly direction in the upper part of its course and finds a 
southern outlet in one of the great rivers to the east of the Dihong. 
From the Pangong lake on the west to the Lonkor Cho between the 
83rd and 84th meridians on the east, the drainage is collected in a 
series of depressions without any outlet, each of which is the centre 
of a subordinate minor system of its own. We do not know of 
any considerable stream proceeding northwards or westwards from 
this tract. This lake-system is a characteristic feature of the 
orography of north-western Tibet. The waters of these lakes are 
generally brackish and the margins exhibit expanses of salt-marsh. 
Streams of fresh water are found, but in their course towards the 
lakes these rapidly become brackish, and in the end little influence 
the quality of the lake-water itself. According to the Pandit, the 
country to the north of Garge and Garchethol is a great uninhabited 
plain.’ It was formerly customary to travel in a north-north-westerly 
direction from Thok Daur&kpa* for some twenty days to the range 
overlooking the Gobi plain in which the commercial entrepét Nari 
Théru lay.*. A two months’ journey from Thok Daurikpa to the 


1 Called Jung Phdyil Puyil, mebning literally “the desert country in which the 
father and son have wandered,” from a tradition that two men had entered it and 
died there from want of water. G.T. 8. Rep., 1873-75. p. 56. "In about 85° 8’ 
east longitude, and 32° 7’ north latitude * Trotter suggests that Néri Théru 
occupies a position at the foot of the northern boun ridge of the Tibetan plateau, 
similar to that held by Polu and Sorghdk, and that the stream pessing Néri Théru 
may be the eame that passes by Charchand. Prejevalsky (p. 76) says that Charchen 
is situate about 200 miles to the south-west of Chargalik on a river of the same 
name. Hence it is aten days’ journey to the oasis of Nai (900 houses), and three 
days further to Kiria. The position and distance of Nai would suit the Pandit’s 
description of Nari Tharu. 10 
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north-east brought the traveller to Ajan, also a commercial centre.' 
This road lay throughout over an extensive plain ; no large moun- 
tains were seen and no streams were crossed. Drinking-water was 
obtained from a number of fresh-water lakes mostly dependent on 
the rainfall for their supply. From these reports we learn that 
northern Tibet is a plateau of great elevation without inhabitants 
and possessed of few streams. 


As we approach the west, the boundary ranges that support the 
Tibetan plateau between them on the north 
and south gradually incline towards each 
other, so that westwards of the Pangong lake they are little more 
than fifty miles apart.” Here we find the water-parting of the Indus 
and Lob-Nor systems in the elevated Dipsang plain, which actains a 
height of 18,000 feet above the level of the sea near the Kérakoram 
pass (18,550 feet). From the K&rakoram pass on the north flows 
a feeder of the Yarkand river, and from the east, an affluent of the 
Kérakash river, both of which belong to the Lob-Nor system. On 
the south-east, only eleven miles from the pass, the Daulat-beguldi 
encamping ground is close to one of the feeders of the Nubra branch 
of the Shayok river that ‘belongs to the Indus system. In one case 
the waters lose themselves in the Gobi desert, and in the other they 
reach the Indian Ocean at Karachi. If the statements of Kostenko 
and Severtsof be accepted, we have here in the west an analogue of 
the arrangement that has been described as characteristic of all the 
river-systems along the southern face of the Himalaya between the 
Jumna and the Brahmaputra. The alpine basin of the Yamanyér 
lies between two great groups of peaks, some thirty miles apart. 
On the south-east of the Yamanyfr is the Ta&gharma group, 
of which the Muztagh-Ata’ peak attains an elevation of 25,350 
feet. above the level of the sea. On the north-west there is a 
similar group, of which the Tash-balik peak reaches an elevation of 
22.500 feet. The Yamanyér collects its waters in an elevated valley 


oe ekerese roaching Ajan, a bare rocky range is passed and the town is occupied by 
Sokpen procare their corn and fleur from Kokod and Karka, a large monastery 
some ten or twelve days’ journey beyond the borders of their country. Trotter 
suggests Karka lies between Lob-Nor and Koko-Nor, and that Ajan is one 
with the Anj-gi of Uspenski ; but both of these identifications require confirmation. 

* From the Kaérakoram to Shahidullah (11,780 feet) on -the verge of the plains 
of Yérkand is a distance by road of 78 miles, and the same to Changlung 
on the south is 63 miles, and to Leh on the Indus, 168 miles. 9: Father of 
ice-monntains,’ 


Lob-Nor basin. 
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between these groups and the water-parting range on the west, 
which is known variously as the Tagharma plain or plain of the 
Kichik K4ra-kul./ The groups themselves are in advance of the 
water-parting range and are connected with it by transverse ridges. 
That on the south connects the Muztagh-Ata group near the Kok 
Mainak pass with the water-parting range, west of the Neza-tdsh 
pass, while that on the north has not yet heen accurately defined. 
Spurs from the groups descend northwards towards the plains and 
effectually divide the waters of the Yamanyér from those of the 
Kashgér-darya on the west and from those of the Yarkand river on 
the east. It has generally been supposed* that these two groups of 
peaks belonged to a great meridional range ; but Severtsof, who has 
had recently exceptional means for obtaining an accurate estimate 
of its character, distinctly states that “these two peaks were sup- 
posed to be connected by a continuous range, while the real fact is 
that each is respectively the highest point of separate small high 
mountain knots capped with eternal snow.” We have, therefore, in 
the west also an apparent snowy chain of mountains as seen from 
the plains, but which on closer examination resolves itself into 
groups of snowy peaks in advance of the water-parting range from 
which they are divided by an elevated valley. This valley gives 
rise to a river that makes a way for itself between the boundary 
groups to the plains below, while the groups themselves are con- 
nected by transverse ridges with the line of water-parting. A 
ridge from Muztégh-Ata to Yangi Hissar separates the drainage of 
the northern slope from that of the Kinkol river on the east, and a 
second ridge follows at some distance the left bank of the 
Yamanyér which shortly after its issue from the mountains is ab- 
sorbed in artificial branches or canals for irrigation purposes. The 
whole system is a remarkable illustration of Hodgson’s formula for 
the river-systems of the eastern Himélaya. 
The alpine affluents of the Yarkand river known as the Sarikol 
: and Zarafshan rivers also illustrate the unit- 
eee ising principle observed elsewhere. They 


) Leaser Kéra-kul or‘ black lake.’ 2The two groups form a part of 
Hayward's meridional Kiril-Art range, the existence of which was supported 
by Shaw end Trotter and denied by Fedchenko, who considered the phenomenon 
described by Hayward as merely representing the terminal butt ends of parallel 
ranges belonging to the Pamir u. Kostenko, however, maintained it to be a 
great mountain range. Views of the Murtégh-Ata peak and the Kankol valley are 
given by Gordon in his ‘ Roof of the World.’ 
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are separated from each other by the Kand&r range. which descends 
in a north-easterly direction from the water-parting range to the 
south, and terminates ~here the Sarikol ard Zarafshhn unite their 
waters within the outer range of hilla to the north. The Oxus sys- 
tem further gives an example of-another of the characteristic features 
of the Himalayan river-systems. The water-parting follows the line 
of the Hindu Kush from the pass near Bémian to the Baroghil pass, 
and thence follows the Pamir range to the greater Kéra-kul. The 
height of the water-parting on the Bsroghil plain has been estimated by 
Captain Biddulph at about 12,000 feet. The Mullah states that in 
traversing it for a distance of five miles there was no appreciable 
rise or fall, and further it is said that from a point one-and-a-half 
miles short of the crest, .the difference in height did not appear to 
be more than two hundred feet. The Sarhad head of the Panjah 
branch of the Oxus is not more than two miles distant from the 
Gez-kul or Oi-kul, the longest source of the Aksu branch of the 
same river known as the Murghéb. The principal source of the 
western head of the Panjah branch of the Oxus in Wood’s Victoria 
lake is but twelve miles distant from the water-parting between it 
and another branch of the Aksu. So little is his water-parting 
marked by any defined physical feature that it was only after 
some difficulty that Trotter discovered it at a height of 420 
feet above the level of lake Victoria. There is also reason to 
believe that the greater K4ra-kul once gave off at one end a feeder 
to the Kashgar-darya of the Lob-Nor system, and at the other a 
feeder to the Oxus. We have already seen that. it is but a little 
difference in perpendicular height that determines the drainage 
between the Satlaj and Karnali and between the Nubra branch of the 
Shayok and the Karakash, so that where rivers have their sources in 
these elevated areas it may be generally stated that a slight inequality 
in the surface, such as it is not possible to delineate on any ordinary 
map, is sufficient to determine the course of springs into channels 
that have a very remote debouche one from the other in the plans. 
The terms trough, channel, basin are in such cases often misleading. 
Nor are the bounding ranges in these elevated regions marked with 
such well-defined characters as are met with elsewhere. The great 
Pamir is divided from the Alichur Pamir on the west. by a range 
having an average clevation of only 3,000 teet above the level of the 
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Victoria lake, and from the little Pamir by a similar range averag- 
ing about 2,000 feet above the same level. The direction of the 
rivers depends, therefore, on the influence of much less relatively 
important masses of matter than are to be found at lower levels. 
The sligh: difference in level that determines the course of the 
head-streams of the K4rakash and Yérkand rivers on the Dip- 
sang plains, is sufficient to divert the former from their normal 
direction and drive them directly against the Kuen-lun range, 
where, finding a fault in the wall, they work their way through 
towards the plains. The influence of the law of gravity and the me- 
chanical and chemical changes wrought by water are the sufficient 
causes for every form of river channel that is met with, and it is 
to their ceaseless action that even the stupendous gorges of the 
Indus, the Satlaj, and the Brahmaputra, are due. 


Having concluded our review of the river-basins and their 
relations to each other, we shall now pro- 
ceed to examine the different parts of the 
area under our consideration. The great plain of Hindustén 
which first claims our nutice is a vast flat extending with an 
almost unbroken surface along the foot of the Himalayan slope from 
the upper Indus to the Bay of Bengal. Its direction is from north- 
west to south-east over a distance of nearly 1,500 miles, and having 
an area, including its western branch along the Indus and its eastern 
prolongation into As&m, of about 500,000 square miles. On the 
west it has its greatest development. stretch- 
ing along the Indus from the foot of the 
mountains to the sea, from north-east to south-east for a length of 
750 miles. Its breadth from the Arvali hills to those west of the 
Indus is about 400 miles. The Arvali hills run in a north-easterly 
direction from the peninsula of Kathiawar until they lose themselves 
in the plain near Dehli. From this point they run in a south-east- 
erly direction connecting with the Vindhyas, and in both cases con- 
stitute the abutments of the elevated plateau of Central India. They 
thus form two sides of a triangle with its apex towards the north, 
where it separates the Indus plain from that of the Ganges. The 
general slope of the Indus plain is south-west, with, as we have seen, 
a slight depression towards the south, until the influence of the north- 
ern slope of the Arvalis is felt, when it gradually rises again. Taking 


Plains of Hindustén. 


Indus plain. 
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a line along the Indus,' we have Sehwan, 117 feet above the level of 
the sea ; Shikarpur, 199 feet ; Dehra Ghazi Khén, 395 feet ; Segra, 
on the eastern bank of the Indus, opposite Dehra Ismail Khan, 606 
feet ; and Khairabad, opposite Kél&bagh, 750 feet. Following the 
32nd parallel from west to east, we have Sandi on the left bank of 
the Indus, 629 feet above the level of the sea ; Lodri, on the left 
bank of the Chin&b, 657 feet ; and Ramdas, on the left bank of the 
Ravi, 796 feet : further east, we enter the hills. Following the 
30th perallel we find Mare on the 71st meridian, with an elevation 
of 386 feet ; Nua Shah on the 73rd meridian, 482 feet; and Pakka 
Saréwa, on the 75th meridian, 698 feet. The perfect uniformity of 
the surface is broken in the north-west by the small table-land be- 
tween the Indus and the Jhilam, of which the salt range* forms the 
abutment. These hills at the Sakesir station of the survey in the. 
Jhilam district rise to a height of 4,994 feet above the level of the 
sea. They extend from Khairabad on the Indus to the Jhilam op- 
posite ChilianwAla, and thence those forming the eastern flank of the 
table-land as well as a subsidiary range to the east of the Jhilam turn 
abruptly north-east and conneet with the outer ranges of the Himé- 
laya near Bhimbar (1,200 feet). The table-land itself is seldom 
more than two or three handred feet above the general level of the 
plain, and presents an undulating though tolerably even surface bro- 
ken occasionally by ridges which attain a height of from two to three 
thousand feet. 

The Indus plain along the foot of the hills is sufficiently watered, 
but to the east and sonth at any distance 
from the rivers cultivation on an extended 
scale is only possible when the scanty rainfall can be aided by 
artificial irrigation. The latter tract known as the great Indian 
desert stretches through Bhati&na, Bikanir, and Bah4éwalpur into 
Sind. Tradition tells us that in former time it was a fertile and 
populous country scudded with numerous cities and towns and 
inhabited by prosperous and civilised tribes. A recent writer® 
states that “there is nothing in history to show that the rivers (of 
this tract) ever contained much more water than they do now. 
Some diminution in their volame may have taken place during the 


1 All these heights are taken from the recor’s of the Great re 8ur- 
vey. a ne on the salt range, J. As. Soc., Ben., XXII, ? Cal. 
Rev., July, 1874, p. 


Indian desert. 
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lapse of ages, from changes in the lower Himflayan range, as well 
as from the destruction of forests and increase of irrigation. There 
is no doubt also a tendency to the obliteration of the lower part of 
their course ; partly by the drift of sand and dust from the desert ; 
and partly by the deposit of the silt brought down by the streams 
themselves, owing to the absence of the great river by which it 
would have been carried off te the sea.” Between the Sarasvati 
and the Satlaj are a series of broad channels, most of them a mile in 
width, of which those to the west appear to terminate in the valley of 
the Satlaj, while those to the east, which ara also the more ancient, 
lead to the channel of the lost river Hak-a or Sotra.' The Kaggar 
now runs in an old bed of the Satlaj and was formerly an affluent 
of that river. The change may have taken place owing to some 
great cataclysm* which formed a new bed for the river aad left the 
old one for its tributaries on the east, and there is much to be said 
in favour of the identification of the Sotra channel with this old bed. 
At the present day the water-level in wells in this tract is exceasively 
low, being often so deep as three hundred feet from the sarface. As 
the water when procured is often brackish, it is a matter of wonder 
that people are found to inhabit this country which long ago receiv- 
ed the name of Marusthali, ‘the region of death.’ 


The Gangetic plain extends from the debouche of the Jumna 
from the hills to the head of the delta of the 
Ganges, and lies between the great bend of 
the Himélaya and the north-eastern slope of the table-land of Central 
India, which here has a general elevation of about one thousand feet 
above the plain. The breadth of the plain varies from about two 
hundred miles at Agra to about one hundred miles at Réjmahdl: 
The direction is to the south-east, but to the east of the Ganges the 
courses of the rivers exhibit more southing. A general idea of the 
fall in height along the course of the Ganges may be obtained from 
the following figures: Saharanpur, 903 feet above the level of the 
sea; Meerut, 735 feet ; Aligarh, 610 feet ; Agra, 516 feet ; Cawn- 
pore, 517 feet; Allahabad, 315 feet ; Benares, 255 feet ; Patna, 174 
feet ; Bhigalpur, 159 feet; and Bardw&n, 97 feet. Cross sections 


‘Baid to have dried up in the thirteenth century. * Like that of 1762, 
when, according to General Cunningham, the river was dammed up by a landslip in 
the hills and rose some four hundred feet before the barrier gave way. A similar 
cataclysm occurred on the Indus, ? From G. T. 8. tables. 


Gangetic plain. 
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show little difference in height at any point. Bhatpura, below 
Mohan, at the entrance to the principal pass into the Dehra Dun, is 
954 feet above the level of the sea. Following eastwards the line 
along the foot of the hills, we have Hardwar, 1,016 ; Najibabad 
860, Barhapura, 910; K&shipur, 750; Bilahri, 760; Sigauli in 
Gorakhpur, 300 ; Madanpur in Tirhut, 230; and Amua, 248 feet. 
Noting these figures on any good map and following the course 
of the rivers, a sufficiently currect idea of the general slope of 
the Gangetic plain will be obtained. At the termination of the 
hills near RAéjmah4l, the plain once more expands largely to the 
south and again presents an uninterrupted surface from the moun- 
tains to the sea. The length of this section is about 350 miles, 
and its breadth from R&éjmahél to the Brahmaputra about 150 
miles, but increasing to about 300 miles along the coast at the 
head of the Bay of Bengal. The height varies from 100 feet, the 
level of the river Mahanadi at Malda,” to 75 feet at Jelinghi, the 
head of the Hugli branch of the Ganges,’ and 31 feet at Chinsurah. 
The Howrah station bench-mark is but 18:2 feet above the level of 
the sea. These portions of the great plain, often though not very 
appropriately called the valley of the Ganges, are intersected by the 
countless tributaries of that river and are under the full influence of 
the periodical rains. They therefore, as might be expected, com- 
prise the richest, the most populous, and the most civilised districts 
of India, and in these réspects form a striking contrast to the west- 
ern parts along the Indus which are doomed to perpetual sterility, 
not from any natural deficiency in the quality of the soil, but only 
from the great aridity of the climate. This barrenness is no doubt, 
in a great ineasure, due to the relative position of the Indus plain 
to the higher groand around it and to the prevailing winds ; matters 
which, at first sight, appear to be of little importance, but which 
are the efficient causes of the extremely dry climate that it possesses. 
Fluviatile action in erosion and deposition, productive of the allu- 
vion and diluvium, terms go well known in the settlement records of 
these provirices, has clearly directed the course of the rivers in the 
great Gangetic plain. Mr. Fergusson, in an article quoted by the 
authors’ of the ‘Manual of the Geology of India,’ shows that the 


'First five from Webb and Sigauli from Kirkpatrick. 1 Hooker. 
3 Prinsep. 4$Q,T. S., 52 :in ac, VIIL, 1866. 5 Pp, 406, 412. 
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rivers of the Ganges delim oacillate in curves, the extent of which 
is directly proportional to the quantity of water flowing down their 
channels. Thus, the oscillations of the Ganges between Mungir and 
Réjmahél average 94 miles, and between Allahabad and Chunér, 
only 8:7 miles in length. Further, when a great river runs through 
a low country, its course is considerably stayed by the sluggish 
expanses of stationary water generally termed jhils in Bengal, and it 
is thus compelled to deposit its silt along ita banks. Hence arises 
the phenomenon of a river passing through a country between 
banks that are higher than the adjacent alluvial flate, and the gra- 
dual increase of the banks until the stream makes its way through 
them to some lower level. Mr. Fergusson estimates that when the 
slope of a river bed falls to less than six inches in a mile, a denuding 
river will be converted into a depositing river, and as the deposit 
commences at the bottom of the slope, the change proceeds up- 
stream. Moreover, since the Ganges receives its more consider- 
able affluents from the north, the left bank gradually increases 
and drives the main stream more and more towards the table-land 
of Central India, and makes the point of confluence of its affluents 
continually move upwards. This tendency is well marked in 
the Jumna in the Mainpuri district, where the old silted-up bed is 
locally known as the bhagna.’ In the Tar&j below Kumaon the same 
law prevails, and streams that in the upper portion of their course are 
denuding rivers in the lower portion where the check in slope 
occurs deposit their silt, form jhfls, and continually change their 
courses like the rivers of the Gangetic delta. 


The Ashm vauey forms a narrow prolongation of the eastern 
extremity of the plein, pertaking more, 
however, of the nature of a simple river valley 
liable to annual floods. It has a length of about 300 miles with a 
breadth of thirty to forty miles, widening at its junction with the 


1 Gaz. IV., 478. The old bed in Sahéranpur is called the Budhi Jumna—Z bid, 
IL, 140. Bemains have been found in the Jumna alluvion near Allahabad.—J. A. S., 
Ben., I11., 302, 529: 1V., 262, &c. Wilford also notices the discovery of bones or 
men and animals in the Ganges alluvion near Benares about a furlong from its 
present bed at ninety-five feet from the surface and thirty feet below the level of 
the present bed. He says the human bones were entire, but those of quadrupeds 
were broken and bore evident marks of their having been cut with a sharp instru- 
ment He found no marinc deposits at over 106 feet when the water-bearing strata 
was reached.—As. Res., VIII., 294. He has also noticed the fact that the point. of 
junction of the Kosi with the Ganges had moved up from Nawiabganj opposite Réj- 
mahé! some twenty-five miles. 

11 
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Gangetic delta. It is shut in on all sides, except the west, by 
mountains. The characteristic of a sudden and total change along 
a definite line at the foot of the mountains from a broken hilly sur- 
face to an absolute flat, which holds good throughout the other parts 
of the plain, here no longer prevails. We frequently see small iso- 
lated hills standing out like islands from the general level surface, a 
phenomenon observable on a smaller scale where the Vindhyan range 
mingles with the plain. From Sadiya, which is 440 feet above 
the level of the sea, the fall is gentle to Gauhati, which is placed at 
163 feet, and Go&lpéra, which is 150 feet.1 Taking a line along the 
foot of the hills, we have Tiialiya, 330 feet ; Rajhit at the foot of the 
hills near Buxa, 220 feet ; and the station at the foot of the hills 
below Diwéngiri, 670 feet: figures* which show a more sudden 
descent than those at similar positions under the westerr. Himalaya. 


We shall now return to the plain between the Jumna and the 
Sarda, and more particularly to that part 
which lies immediately below the foot of the 
Kumaon hills. We find there a narrow belt of country usually 
covered with forest and remarkable for the entire absence of water, a 
phenomenon eminently characteristic of this tract. The great rivers 
preserve their course with some diminution in their volume, but, all 
the miner streams that have their origin in the lower hills on enter- 
ing this belt soon lose themselves in the shingly deposit that consti- 
tutes the substratum. In time of flood, however, they often preserve 
a visible stream throughout their course, but this appearance lasts 
only so long as the cause exists. This belt of waterless forest land 
is called the Bhabar or wkhar bhimi (waterless forest) under 
KKumaon, and has a breadth of from five to fifteen miles. Though 
no stream or spring exiats, the Bhabar is clothed with a magnificent 
forest finding its nourishment in the few feet of alluvial matter 
that rests on the boulder and shingle deposit below. To the 


1 These figures are from the Great Trigonometrical Survey records, which make 
Dibrugarh, 348 feet above the leve! of the sea; Sibsagar, 319 feet; and Baramak, 
near Tezpur, 256 feet. " ‘First from Hooker, two last from Pemberton. 
4 These descriptions are chiefly based on Herbert’s report; and on an article 
entitled ‘The Himalaya in Kumaon and Garhwal’ by Mr. (now Sir John) Strachey, 
Cal. Rev. No. 35. Stewart notes that he can find no definite statement as to the 
breadth of the tract known as Bhabar and Tarai to the east of Sikkim, but Hooker 
mentions expressly that there it ranges from 8 to 12 miles in width ; Kirkpatrick 
and Hoffmeister coincide in making its breadth opposite Nepal about 10 or 12 
miles, and between the Sarda and Rémganga it ranges from 20 to 30 miles, falling 
to 6 or 7 miles abreast of Garhwal and disappearing Lo the west of the Jumna. 


Bhabar, 
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south of the Bhfbar, the character of the country changes into a 
swamp devoid of trees and intersected by sluggish streams that rise 
from unhealthy morasses. This tract is 
included with the Bha&bar between the 
Ganges and the Phika under the general term ban or jungle. 
Fast of the Phika under Kumaon, where it apparently attains its 
maximum breadth, it is known as the Tarfi, and under Nepél as 
the Tary&ni, with some specific addition as Morang, &c. It lies 
between the forest belt and the cultivated plains, with an average 
breadth of about ten miles under Kamaon, though varying mach 
in different parts. Thus we have between the plains proper 
under Kumaon and the foot of the hills two distinct belts of 
country, each about ten to fifteen miles broad, known as the 
Tari and the Bhabar. The Tarai is characterised by the presence 
of reeds and grasses showing the marshy nature of the ground. 
The streams carry off only a portion of the superflaous moisture 
and sluggishly ran in tortuous channels, doubling back con- 
stantly in their course. The soil consists of moist alluvial mat- 
ter without a sign of rock either in fragments or in site. In the 
Bhabar, on the other hand, no water rises from the ground. Through- 
out its whole extent not a single spring nor any water can be seen, 
except occasionally where one of the larger rivers takes its course. 


Tarii. 


In the rainy season alone torrents cut into the ground, and the chan- 
nels thus formed exhibit characteristic sections of this remarkable 
tract. We then find that there is but a thin covering of alluvial soil 
on a vast dry bed of boulders and of shingle, through which all rain 
that falls sinks rapidly, and which absorbs in the same way all the 
minor streams of the outer ranges. Instead of reeds and grasses, 
we have here all the magnificence usually attributed to oriental 
forest scenery. Gigantic haldis (Adina cordifolia) and khairs 
(Acacia catechu) rear their heads above a tangled undergrowth of 
creepers and thorn-bushes which present a barrier to progress that 
an elephant alone can surmount. Towards the hills we find the sdl' 
(Shorea robusta), and in Kota great groves of mangoes, while patches 
of cultivation appear wherever irrigation is practicable. For this 


1 The edi is the characteristic tree of the upper Bhébar wherever it is found. 
Hodgson notes that constant observation has enabled the people of the Tarél to dis- 
tinguish the principal belts of the Bhébar from the trees that grow in each. The 
highest is the sdi level. the next is the kAair level, and the loweat is the sien (Dal- 
bergia sisu) level. 
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purpose, the streams of the lower hills are turned into artificial chan- 
nelg before they reach the shingle deposit, and even the lakes in the 
lower hills are dammed up to retain a sufficient supply of water for 
the Bhabar. West of the Kosi, however, there is little cultivation 
or irrigation, and the Bhaébar there almost remains untouched by 
the plough. The actual slope of the ground between the Tarfi and 
the foot of the hills is considerable, though not apparent to the tra- 
veller, except when he observes the rapidity of the current in the irri- 
gation channels that line the road by which the Bh&bar is crossed. 


Before entering into more detail regarding the Bhabar and Tarfi 

there is yet a third feature characteristic of 
the tract below the Himalaya that must be 
noticed here as intimately connected with the other two, and this is 
the line of hills called the Siwalik! or sub-Himélayan. These will 
be well known to paleontologists in-connection with the rich col- 
lection of fossil:mammalian bones discovered in them by Dr. Fal- 
coner and Colonel Cautley. Asa rule, they appear to rise abruptly 
and without any intermediate undulating slope from the apparently 
level surface of the flat country below to heights varying from a few 
hundred to three or four thousand feet. They are composed of sand- 
stones and conglomerates, and the dip of the strata is usually towards 
the general mass of the mountains at a low angle. The form of dis- 
turbance of the strata is very regular, producing bread normal anti- 
clinal flexures, the axis-plane sloping towards the mountains. To- 
wards the plains the slope has been weathered out, so that plains- 
wards the Siwéliks exhibit a steep face from which rise the highest 
summits of the range, while a long gentle declivity slopes inwards 
and forms a longitadinal shallow valley by meeting the foot of the 
next line of hills. The latter, as a rule, run on a line parallel to the 
Siwédlike, but at a distance of from five to ten miles from them. 


The bottom of this longitudinal] depression is, as may be supposed, 
by no means continuous. In some places it 
is cut through by the passage of the streains 
that drain the interior of the mountains ; in others, it is quite obli- 
terated by the near approach to each other of the two ranges that 
flank it, and which usually form distinct lines. This is, moreover, a 


1 Sivawéla, belonging to Siva; for use of the term ‘Siwéliks’ by Musalméa 
historians, see ‘History peetes. 


Siwdlike. 


Déne. 
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structural feature and not due simply to denudation. In the country 
between the Satlaj and the K4&li, these valleys are called Déns 
and under Nepal, according to Hodgson, they are called Maris. 
They have been confounded by some writers! with the Tar&i, which, 
as we have seen, is quite distinct. The lower part of the Duns 
generally appears to he covered with a deposit of boulders and grave! 
that slopes somewhat steeply from the Himflaya towards the Siwa- 
liks, so that the whole bottom of the valley is considerably raised 
above the level of the piain without. In consequence of this eleva- 
tion, the outer hills when viewed from the interior of the valley, as 
from Masuri, present a very insignificant outline. The drainage of 
these valleys usually collects along their longitudinal axis and either 
falls into some of the larger streams that cross them, or less 
frequently finds an independent exit for itself into the plains by a 
sudden bend to the south through a break in the outer range. Owing 
to the considerable elevation of the Duns above the plains down tc 
the level of which the drainage finds its way in a very short distance, 
the unconsolidated strata that form the floor of these valleys are 
constantly cut through to a great depth by water-courses. Conse- 
quently, the surface, though often presenting an apparent flat for 
several miles together, is frequently broken up into steps which, on 
the whole, are tolerably level, but at different heights, the one 
above the other. This phenomenon is not uncommon, and is 
constantly observed along rivers that are eroding their banks. To 
the same causes also are to be attributed the practical impossibility 
of procuring water by means of wells in the Duns, a difticulty 
which mainly arises from the thorough dessication of the gravelly 
soil by the deep drainage. 


We have not sufficient information to state distinctly how far 
the Bhabar extends both east and west along 
the foot of the Himalaya, but the following 
indications would lead us to suppose that this phenomenon is 
inherent in the relations of such a mass as the Himalaya with the 
subjacent plains. Unde. Nepal it is called the Jhari or Bhavar, 
and, according to Hodgson,* extends from the KAli to the.Mechi on 
the east with the same general characteristics as under Kumuon. 


? Somerville's Physical Geography corrected in 7th edition, 1878. ® Physical 
Geography of the Himélaya.—J. A. 8., Ben, XVIII., 778. 


Extent of the Bhébar, 
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Eastward of the Tista, uccording to the same writer, the Bhabar 
and Tarai do not exhibit the same parallelism to the line of the 
Himélaya, but “show themselves plainwards, like an irregular series 
of salient and re-salient angles resting on the mountains. Or like 
small insulated plateaus or high undulated plains, surrounded in 
both the latter cases by low swampy land analogous to the Tar&i.” 
An example of the former is found in the plateau called the Parbat 
Joar on the confines of As&m and Rangpur, which is considerably 
elevated, quite insulated, remote from the mountains and covered 
with sdl, the characteristic tree of the upper Bhabar. Again, we 
have undulating plains, such as those that occur around Dinajpur 
and to the north-west and north-east of Siligori, all of which may 
be identified with the Bhabar. In all these cases where the detritus 
bed thins out, a moist tract is met with, though in no case so 
marked as to the westward. Herbert! affirms the general applica- 
bility of his remarks regarding the submontane tract below Kumaon 
to the entire country between the Ganges and the Satlaj and 
Parish’ to the tract further west between the Satlaj and the Bids. 
There is no well-defined line dividing the area of swamp from the 
Bhabar proper between the Sarda and the Ramganga. To the 
east in the Tallades Bhabar, where the streams seek the Sarda 
directly, there is less Bhadbar, and the swamps that exist are not so 
extensive, but at the same time are more formidable, being often 
surrounded by tangled masses of canebrake. The Dhydnirau 
Bhabar also is comparatively narrow, and it is not until we come to 
the Chhakhata Bhabar that we get a breadth of eight to twelve 
miles that lasts until the Phika river is reached. The Tarai exist 
all along the tract to the south of, and parallel to, the Bhabar from 
the Sarda to the Phika. But west of the Phika it loses its charac- 
teristics and can only be traced in the closeness to the surface of the 
water-level in wells. Westward of the Phika, the Bhabar or water- 
less tract also narrows and the sdl forest does not descend more 
than six miles from the foot of the hills, and a few miles further 
west it has not a breadth of two miles. The Bhébar, however, 
exists, and is broader than the present sd/ forest, of which much has 
been cut down of late years. Its presence is shown by the absence 


‘Report of the Mineralogical Survey of the Himélaya Mountains, /did, extra 
Siti aa *Kohistén of the Jullundhur Doab, Jbid, XVII, p. 281: 
p- 
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of wells, and similarly the Tarai appears in a line of wells with 
water at from three to six feet from the surfuce, running parallel 
to and bordering on the Bhabar. This limitation of both the 
Bhabar and Tarai is conterminous with the commencement of the 
Patli Dun, which has detained the greater part of tbe detritus that 
is elsewhere spread out below over the plains. From the Phika 
eastwards to the Sirda, where these tracts attain their maximum 
importance, there are no Duns, properly speaking ; for the Kota 
Dan presents no great barrier to the south, and further east the 
Siwaliks are so blended with the outer range that a geologist alone 
can trace their sequence. In this fact, we have an illustration of 
that portion of Hodgson’s theory that gives a narrow extent to the 
Bhibar below the Duns and a broader range where there is no Din 
to intercept the débris from the hills. The facts that we know 
regarding the Bhabar to the north of the Sahéranpur district! 
further confirm this deduction. 


In Eastern Turkistan we find a similar phenomenon. Trotter 
The Bhabar in Turkis- tells us that the Sagon river, which has its 
0. source at the eastern foot of the Terek pass, 
after it reaches the plains north of Kalti Ailak wastes away and leaks 
through crevices in the stony ground. The hakim of the latter place 
assured him that wells had beer often sunk but proved of no use. 
Trotter writes :—‘ This diminution in the size of rivers as they des- 
cend is one of the chief characteristics of the country, and occurs in 
all minor streams that have come under my notice. Of course much 
of this is due to irrigation, which necessarily carries off large quan- 
tities of water, but the stony soil has also much to answer ‘or ; on 
the other hand, the frequent appearance of large springs giving con- 
siderable supplies of water and often issuing from the open plains at 
long distances from the mountains may account in a great measure, 
if not fully, for the water thus lost in its early infancy.” Here we 
have the existence of a Bhabar and Tarai vouched for by competent 
authority in the Yarkand and Kashgar country. The same pheno- 
menon, but on a larger scale, was found by Prejevalsky to charac- 
terise the tract between Korla and Lob-Nor. A belt of country 
about three to four miles wide, consisting of an undulating plain 
covered with a pebbly or gravelly soil and totally devoid of 
1 Gazetteer, II., 140. 
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vegetation, runs parallel to and at the foot of the Kurugh-tagh a 
low waterless and barren range. Beyond this stony margin, which 
appears to define the shore-line of an ancient sea, lies the great desert 
of drift sand amid which salt marshes exist wherever the moisture 
comes to the surface. The same pebbly plain was found under the 
northern slope of the Altyn-tagh, the north-easterly continuation of 
the Kuen-lun mountains between the 90th and 92nd meridians, and 
north of and below the stony margin the usual salt marshes occurred. 
The latter are also found at the foot of the north-eastern portion of 
the Tibetan table-land in Tsaidam. It would, therefore, appear that 
tracts analogous to the Bhabar and Tar&i of Kumaon surround the 
entire Himalaya-Tibetan mass, and that they vary in character accord- 
ing to local influences. 


Hodgson attributes the distinctive character of the Bhabar, as a 
Cause of the deposit; Whole, “to the vast mass of diluvial detritus 
Hodgson's oceanic theory. which was shot from the mountains upon the 
plains, like gravel from a cart, at some great geological epoch, anil 
which has been, since its deposit, variously and often abraded both 
in degree and direction by oceanic and, in a far less degree, by 
ordinary floods.” Another writer considers that this theory of 
Hodgson’s appears to he a reasonable explanation of the existence 
of these great beds of shingle, sand, and boulder all along the foot 
of the mountains. It is argued that no rivers can have laid out such 
a vast deposit, and we can only conclude that we see here the limits 
of an ancient ocean that once washed the base of the Himflaya. The 
boulders and shingle are spread ont only for a distance of ten or 
fifteen miles from the mountains from which they are derived, while 
the finer particles of sand and clay are carried much further. Great 
variations in the depth and breadth of the deposit occur, due, in a 
great measure, to local causes. One which apparently has had a 
great influence is the existence or otherwise of the Siwlik range. 
Where there was no sandstone range to intervene between the moun- 
tains and the plains and collect the detritus within their contained 
Duns, the deposit is broader and not so thick. Where there was 
such a barrier, it has been carried less southwards and exists in great 
accumulations between the barrier and the mountains. Again, where 
no rangs existed but only spurs sent forth, like bent arms, upon the 
plains from the mountains, Hodgson observes that the embayed 
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detritus is simply deeply piled and lofty within such spurs, and thinly 
and unequally spread without them, by reason of the action of the spurs 
on the current. He notices, as an ex¥:upee of this form, the débris 
embayed by a spur on the road to Darjiling by Pankabéri, where it 
is accumulated to several hundred feet, and where, moreover, there 
is outside the spur a succession of terraces, apparently due to oceanic 
forces! Further, “ where, as from Gauhati to Sadiya, there was 
not room upon the plains for the free spread and deposit of the 
detritus owing to large and rapid rivers and to other chains both 
proximate and parallel to the Himalaya, the phenomena, created 
elsewhere by the more or less unrestricted spread of the HimAlayan 
detritus over the plains, would necessarily be faintly, if at ali, trace- 
able. Lastly, if at the time of the descent of the débris, there existed 
a great dip in the Gangetic plain from north-west to south-east, the 
lithologic character, as well as the distribution of the débris, would 
be materially affected thereby, for the subsiding oceanic current 
would have a set from the former to the latter quarter and would 
continue to lash the gravel into sand and here to deposit both in a 
series of terraces, thete perhaps utterly to displace both in the latter 
quarter long after the former had emerged from the waves.” 


The oceanic theory of Hodgson is not accepted by the majority 
of professed geologists. Mr. W. Blandford 
writes:*—“ There is absolutely no proof of 
any sort or kind that the whole Indo-Gangetic plain has at any 


Fluviatile theory. 


time been a marine area ; but there is equally no proof that it has 
not. It has been shown that in eocene times the sea occupied the 
Indus valley as far as the foot of the Himélaya, and extended 
along what is now the base of the mountains, as far east as Ku- 
maon ; and aleo that marine conditions prevailed to the north-west 
throughout a great part of the tract now occupied by the Asam 
range : but it wes also pointed out that, in the area between Ku- 
maon and the Garo hills, no trace of marine formations had been 
found. Yet it is difficult to understand, if the Gangetic plain was 
a sea-basin, why no marine beds occur. It is true that the north- 
ern border of the plain, throughout the most important part of the 


1 The oldest advoeate of the oceanic theory ia Wilford (in As. Res. VITL, 
293). who thus accounts for several statements made by the Paurénik geographers, 
and particulary the story of Sagara. He. hawever. acknowledges that the existing 
soi) of the Gangetic plain, eo far as is known, was aac to @uviatile action. 
® Manual of Geology of India, p. l1., 593. 
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intervening space in Nepal, is, unfortunately, inaccessible to Euro- 
peans; but still, if the Gangetic plain in any way corresponds to 
an eocene sea, as the Indus plain doubtless does, why are no traces 
of marine beds found to the south of the valley on the margin of the 
peninsular area, as they are in the desert to the east of the Indus ? 
In the Brahmaputra plain, also, no marine deposits of tertiary age 
are found; in the plain itself only fluviatile deposits have been 
detected and the marine, eocene, and miocene beds are confined to 
the southern slope of the range forming the southern watershed of 
the valley.” Mr. Blandford considers the post-tertiary formation 
of these provinces to be clearly river deposits: The latter tertiary 
formations belonging to the Siwalik series contain reptilia and 
mollusca, but not a single marine shell. “ It is impossible to tell 
what beds may be concealed below the Indo-Gangetic alluvium, 
and marine strata may exist to an enormous extent without appear- 
ing at the surface ; it is also unquestionable that the amount of 
information hitherto derived from borings is very small indeed, but 
so far as that information extends, and so far as the lower strata of 
the alluvial plain have been exposed in the beds of rivers, not a 
single occurrence of.a marine shell has ever been observed, nor is 
there such a change in the deposits as would render it probable 
that the underlying stratra are marine * © . The only evidence 
known in favour of marine conditions having prevailed during the 
deposition of any portion of the Gangetic alluvium is the occur- 
rence of brine springs at considerable depths in a few localities. 
These springs, however, are not numerous, and, without additional 
evidence, it is impossible to look upon them as proofs of marine 
deposits. At the same time it is by no means impossible that the 
sea occupied portions of Sind and Bengal long after the plains of 
Upper India were dry land.” On the whole, Mr. Blandford thinks 
that the oceanic theory wants further support; that the fluviatile 
theory is the only one that fits in with the present state of our 
knowledge, and that the depression of the Gangetic piain is of con- 
temporaneous origin with the disturbance and contortion of the 
Himalayan ranges, and that the physical features of the two areas 
are closely connected. No important borings have ever been made 
in these provinces, and nothing has ever been discovered, so far as 
we are aware, to show that the older theory is the correct one. The 
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newer theory is further supported by the discovery of the buried 
town of Behat in the Sahéranpur district, some seventeen feet below 
the present level of the country and containing coins of the com- 
mencement of the Christian era, thus showing what can be effected 
by fluvial action in eighteen cesturies. 

We have already seen that the distinctive features of the Tar&i 
are not found west of the Phika river, if we 
except a small tract on the left bank of the 
Ramganga, the condition of which, however, is probably due to de- 
fective drainage in chat particular part, and might occur in any other 
place. The existence, therefore, of the Tardi as a distinctive feature 
must be due to local causes capable of explanation, but the imperfect 
nature of our knowledge will only allow us to guess atthem. Her- 
bert! described the Tarai as “defined in its southern boundary by 
a rise or step which runs parallel to the common boundary of moun- 
tain and plain land.” He observes the height is variable, occasion- 
ally as much as thirty feet and sometimes sudden and steep. Modern 
research can discover no well-defined boundary beyond the chain of 
springs which sometimes approach within a couple of miles of the 
foot of the hills and sometimes are separated from them by a belt 
fifteen miles wide. In no case is there any such rise or step as des- 
cribed. Hodgson? also accepted the existence of a longitudinal 
trough running parallel to the Himalaya as a characteristic of the 
Tar&i, which he held to be a natural depression in the plain, and thus 
accounted for its peculiarities. This theory, however, is opposed to 
the results obtained by levelling operations and appears to be based 
on an entirely erroneous idea, the fact being that the drainage of the 
higher country, beyond which has been lost in the absorbent strata 
of the Bhabar, here breaks out again in a line of copious springs 
which collect into swamps in the Tarai. This feature has also some- 
what plausibly been accounted for*® by the existence of an impervi- 
ous stratum below the absorbent boulder detritus, and as the latter 
gradually thins out the finer and less permeable silt underlying it 
approaches nearer, and eventually reaches the surface, bringing with 
it the water that has been absorbed by the shingle talus and has 
been retained t: the impervious silt. 


‘de, art. 73. © i. ¢., p. 788, 3 Batten io Kwnaun Reports, 
p. 184. 
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(a) Point of re-appearance of water. | (5) Point of disappearance of water. 
Although this explanation seems reasonable so far as it goes, it 
miust be remembered that the swampy Tari extends only from the 
Phika to the Tista, and we must, therefore, look for some peculiarity in 
this part of the plain which does not exist elsewhere, by which we may 
account for the existence of swamps exclusively ip this particular locality. 


In a recent note, Mr. Lawder gives the following section of the 
Bhabar and Tarai :— 
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His experience of this tract has led him to ccnsider that, what- 
ever may be tho nature of the underlying formation, the surface 
beds are solely dae to fluvial action. The mountain torrents along 
the foot of the Kumaon hills bring dcwn every year a vast amount 
of débris which is spread out over the surface now on one side of 
their previous course and again on the other. This irregular depo- 
sition itself compels the torrents to change their beds from place to 
place until, as now obtains, the points where they debouche from 
the hills are marked by more or less irregular. great, fan-shaped 
boulder and gravel deposits. The clayey or semi-soluble particles 
are necessarily carried farthest and are readily deposited not only 
where there is a check in the slope, but where the current is impeded 
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by the tortuous nature of the channel which itself naturally assumes 
that form under these conditions. Here, during the rains, the 
streams saturated with clayey silt, overflow their banks, form new 
channels, fill up old ones, and create the Tarai. Above this deposit 
of clay we find one of clay combined with sand, in which, how- 
ever, the latter predominates. From this bed issucs the line of 
Tarai springs that flow uninterruptedly throughout the year, and its 
margin marks the northern boundary of the Tarai. Above we meet 
beds of sand and gravel or gravel and bouiders as we approach 
nearer to the hills. A longitudinal section taken at the top of the 
Bhabar (Fig. 2 B.) will show that the hill torrente in the upper 
portions of their course run along a ridge formed by the débris 
transported by themselves, whilst a similar section of the Tarai (Fig. 
21.) would show that, as a rule, the river channels are found in 
depressions below the general level of the country. The geological 
section (Fig. 2 A.) shows the gradients of the present ground sur- 
face on the road between Bareilly and Ranibagh, and from them it 
will appear that in the boulder region deposition takes place at a 
slope of sixty-six feet to the mile, whilst the clay is not deposited 
until the descent falls to about eight feet in the mile. It may fairly 
be assumed that these are the usual angles of deposition of the ma- 
terials, and that they have obtained since the degradation of the 
lower hills and the resulting deposition below thei commenced. 
If so, a series of proportionate curved lines running almost parallel 
to the present ground surface may he taken to represent the ground 
surface of succeeding periods, and such portions of these lines as 
may be similarly inchinea with the present Tarai portion (i¢., at the 
same angle with the horizon) will evidently represent the Tar&i or 
clay deposit as it then existed.. A line intersecting all these beds at 
the several points of junction of the ‘ clay’ with the ‘ sand and clay’ 
will represent the present impermeable bottom of the Bhabar basin 
and account for the line of springs upon the surface where the stra- 
tum of sand and clay crops out. The upper boulder and gravel beds 
permit of the filtration of water freely through them to the clay, at 
the same time acting as a capillary reservoir to keep up the dry 
weather supply to the springs below. 


We have further evidence in support of this theory in the fact 
that the Tarai proper does not extend westwards of the Phika river. 
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Between the Phika and the Sarda there are no Duns, for the Kota 
Din has its southern boundary broken through by rivers, and along 
the entire tract numerous torrents find their way directly to the 
flat country below. The proximity of these torrents to each other 
causes the accumulation of débris to exhibit a continuous appear- 
ance which seems to have suggested the theory of a marine origin. 
To the west of the Phika river, the drainage of the lower hills is 
carried off mainly by streams which collect the drainage within the 
Sub-Himalayan range and seek the plains in one well-defined chan- 
nel. The Ramyanga is the great arterial drainage channel for 
lower Garhwal, and between it and the Ganges, the only consider- 
able stream is the Khoh, which has a small strip of Bhabar below it 
In eastern Kumaon the Ladhiya serves a similar purpose, and where 
in its course towards the Kali it approaches the plains and does not 
allow of any considerable stream from the southern face of the outer 
range, both Bhabar and Tarai are narrow, and as this influence ot 
the Ladhiya on the east and the Ramganga on the west decreases 
the Bhabar and Tarf&i increase and eventually attain their maximum 
breadth where that influence is least felt. Where rivers discharge 
large volumes of water like the Ganges and the Sarda, and in a lesser 
degree the Ramganga and Kosi, the velocity at their debouches 
from the mountains is much less than that of the minor torrents, 
owing to their having cut back and more deeply their channels 
within the hills, so that only the lighter particles of eroded matter 
are carried onwards, whilst the boulders are left behind at their 
natural point of deposition. Hence, near these larger rivers it 
curiously happens that the width of the Bhabar and Tarai con- 


tracts in a certain ratio and in the case of the Ganges disap- 
pears. 

This explanation is supported by the results obtained during 
the contour survey of the Tarai.! The second diagram? (Fig. 3) 
shows a portion of the country between the Dhora river and the 
Bhita stream, taken from the survey mars, and will illustrate the 
intricate nature of the levelling operations, and show why in some 

1 Bee Proceedings, N..W. P., P. W. Department, May 31, 1864; July, 1869 ; 
February, 1872. 2 From the Rohilkhand remodelled canals’ contour map 01 
a portion of the Tardi surveyed in 1865-67 by Captains Thomason and F. Brown 
and Lieutenant Bisset. An examination of the recoids of this survey shows that 


what is stated regarding the portion noticed here is true also of the entire tract 
between the Phika and the Sarda. 
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places the streams double back on their original direction and 
exhibit the tortuous courses so characteristic of this tract :— 


Fie. 3. 
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It will also be observed that there is a sudden check in the slope 
where the Tarai commences ; to the north in the Bhabar the slope 
is from sixty to a hundred feet in the mile, and in the Tari it 
falls to about ten fect. These are the adequate causes of the 
existence of swamps, and though the neglect of artificial obstructions 
made for the purpose of utilising the water for irrigation may 
doubtless aggravate the natural defects of drainage, it would 
probably produce no effect whatever were it not for the peculiar 
physical conditions that exist here. To the west between the Indus 
and the Ganges, the great arterial drainage lines collect within the 
hills and ran off directly from them, the general fall of the surface 
receiving no such check as is found under Kumaon. The same is 
true of the country to the east along the head of the Bay of Bengal, 
and in the narrow valley of Asim, the Brahmaputra runs in a deep 
bed at right angles to the natural course of the streams from the 
hills, and thus forms a perfect system of cross-drainage that does 
not allow of the formation of swamps. 


The Siwaliks appear to have a more or less definite cxistence 
along the whole of the Himalaya from the 
Indus to the Brahmaputra, presenting modi- 
fications of the same general features aloug the entire line. To the 
eastward of the Tista they are wanting locally, a fact which it has 
been suggested is due to denudation as in the case of the partially 
obliterated barrier to the south of the Kota Dun. As the Siwéliks 
will be noticed hereafter in the chapter on the geology of Kumaon, 
we need not describe them here. Between the Jumna and the 
Sarda they are found as the southern boundaries of valleys as far 
eastwards as the Nihal river, and thence onwards they aliost 
coalesce with the outer range of the lower Himalaya. 


Siwélike. 


Of the Duns or valleys, between the Siwaliks and the Himalaya, 
ide that known as ‘the Din’ or Dehra Dun, 
from the town of Dehra, is not only the most 

remarkable but the best known. Since the physical geography of 
this tract will be considered in more detail hereafter, in the notice 
of the Debra Dun district, it will be sufficient for our purpose here 
to note that the Dun, a little to the west of the town of Dehra, is 


'See also Chaps. XXIL-IV, of the ‘Manual of the Geology of India,’ and 
Gasz,, Il., 46. 
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divided by a ridge that serves as a water-parting between the Asan, 
a tributary of the Jumna on the west, and the Suewa, a fecder of 
the Ganges on the east. The tracts drained by these rivers are 
known respectively as the western and eastern Duns. The two 
taken together have a length of about forty-five miles and an aver- 
age breadth of eleven miles. The east end of the Debra base line 
of the Great Trigonometrical Survey on the extremity of one of the 
epurs of the Ghati range, about one mile west of Mahobawala, is 
1,957°65 feet above the level of the sea : Mahobawala itself is 2,096-56 
feet and Dehra is 2,323 feet. The junction of the Suswa and the 
Ganges is little more than 1,000 feet above the level of the sea, 
giving a considerable fall for that stream between Dehra and the 
Ganges. A well sunk by Mr. Shore, when Administrator of the 
Dun, attained a depth of 221 feet before a plentiful supply of water 
was met with, and even at that depth the nature of the deposit was 
the same as at the surface.' The greatest thickness of the deposit 
is observed near the central ridge. It thins out to the west and 
east along the course of the Asan and the Suswa, and, according to 
Herbert, may be observed in the beds of the Jumna and Ganges 


resting on sandstone. Next, on the west, comes the Kayarda Dun, 


} The following table shows the character of the stratum, and is reproduced here 
from Mr. Shore's notes in the Dehra archives compared with Herbert's record as 
one of the few notices of thia character that we possess. 


z | é Soil. 



















Soil. 





Sand, larger pieces of conglom. 










5 Fine black mould, few stones. 

4 Reddish earth with gravel, erate. 

9 Sand, gravel, large atones. Do., enormous stones 

2 Do., with reddish clay. Conglomerate and gravel. 

3 Stiff reddish clay. 171 |Sand, gravel, and conglomerate, 
8 | 31! Do. yellow clay. 174 {Blocks of conglomerate. 

3) 844/Sand, gravel. little red clay. 30}1774/Sand, gravel, conglomerate. 

14] 36 |Stiff reddish clay, 44/182 | Do. gravel. 

2 | 38 |Sand end gravel. 4] 1824] Conglomerate. 
22 Stiff red clay. 29/185 |Sand and clay. 

2 Clay, sand and gravel. 204 |Loose sand and gravel and large 
16 Sand and gravel. blocke coriglomerate. 
12 Stiff yellow clay with little 209 |Sand, gravel, very moist. 


sand. 4|2094|Conglomerate, over half, 





35 Sand, gravel, few round stones. 19/211 )Red clay. 
6 Sand, iarge conglomerate blocks. Sand and gravel. 

18 Do., gravel, stones, 34/221 4|Brackish clay withangular frag- 
5 Do., larger stones. menta of clay slate. 








Another well in Debra gives water at a depth of 88 feet from the surface, and 
one at Sati-bagh at 76 feet. There are only twenty-nine wells in the whole valley, 
and many cf these are at favourable places near rivers, so that the difficulty of 
procuring water by this means is common to the whole Dun. Herbert records the 


13 
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some six miles broad and twenty-five miles long, to the water-part- 
ing between the Jumna and the Kaggar systems. Beyond it we 
have the Pinjor Dun, which has in parts a breadth of six miles and 
a length of about thirty miles. The Siw&liks here are neither so 
broad nor so high as to the south of the Dehra Dun. The Pinjor 
Dun is divided into two parts, the eastern and western Duns, by a 
ridge similar to that observed in the Dehra Dan, and which attains 
an elevation of 2,402 feet' above the level of the sea. To the east, 
the drainage flows into the Kagg«r, and to the west into a tributary 
of the Satlaj. Mansi Devi, a temple in the plains just within the 
Dun, has an elevation of 1,263 feet,' giving a fall to the rivers within 
this Dun similar to that found to exist within that of Dehra. 


East of the Dehra Dun we have the Patli Dun, also divided into 
Ganges to the Brahma- two parts, but by a depression, not a ridge, a 
pulta, fact possibly pointing to its being a valley 
of denudation. ‘Ihat to the west, which is drained by the Sona nadi, 
has a slope eastwards parallel to the Himalaya, and is known as the 
Kotri Din. That to the east, which is drained by the RAmganga 
and has a slope to the west in the same direction, is called the Pétli 
Dun. The two rivers meet just before their waters take a bend to 
the south at an elevation of about 950 feet? above the level of the 
sea. A few miiles eastward of their confluence, the valley of the 
Patli Din shows an elevation of 1,200 fect on the right bank of the 
stream, and thus allows a considerable fall to the Ramganga ina 
comparatively short horizontal distance. The peaks of the Siwaliks 
to the south along this entire line seldom rise above 2,500 feet, 
whilst the plains at their southern base average between eight and 
nine hundred feet. Further east comes the small Kota Duin between 


result of borings made by him in various parts of the tract along the foot of 
the hills. At Kaéshipur, in a spot some twenty feet below the surface of the red 
clay, he obtained the following results :— 

2/8” superficial red clay: 13” green sandy clay, water: 4’6” black clay, 
extremely tenacious : 1’6" light blue sand and abundant water. At Haldua, seven 
miles north, nearly similar results were obtained :—5'6” a ferruginous sandy clay or 
loam, latterly becoming more stiff : 1’6” a grecnish clay, becoming blackish below : 
2 a bluieb-grey clay, partially sandy, not so tenacious, and quite moist. At 
Jaspur, nine miles north-west of Kashipur, he found :—6’ surface sand, which pra- 
dually changed toa stiff red clay: 2’ a red, loose sand, damp : 2’ variegated send 
and clay, spotted : 3’ yellowish sand changing to light grey: twigs and roots were 
found at nine feet and water at twelve feet. Al Afzalgarh 6’ superficial loam 
with emall nests of imperfectly formed lignite : 2’6” red sand and a quicksand : 
4’ blackish atiff clav, end 3’6” etiff clay, Intterly sandy. ‘I'wo other borings are 
recorded without wetioning the | culity, 

1 Herbert: 1c, art O% *G.T. 8. 
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Dhikuli and Kali-dhungi, much broken up by torrents, and having 
its southern boundary cut through by the various hill streams that 
cross it at right angles. Froin Naini Tal to the Sarda the sandstone 
ridge that represents the Siwaliks is so close to the Himalaya that 
the geologist alone can discern the connection. The Duns are here 
reduced “to deep longitudinal gorges and low gaps, corresponding 
with a leading geological boundary, that between the old slaty and 
schistose rocks of the mountains and the massive tertiary sandstones 
of the Siwaliks.” Further east, according to Hodgson, the Duns 
are represented by the Saliyan Mari, the Gongtali Mari, the Chit- 
wan Mari, the Makwanpur Mari, and the Bijayapur Mari, all under 
Nepal. With the exception, however, of the Dun lying on the road 
to Kathmandu, nonce of these have been subjected to scientific exami- 
nation. ‘On this track,” writes Mr. Medlicott,' “very complete 
representatives are found of the two sub-Himalayan ranges and their 
intervening dun or mari. The Churiaghati range is structurally a 
facsimile of the original Siwaliks. At the outer base at Bichiyakoh, 
there are some earthy rus’ y beds, all greatly crushed. The dip soon 
settles dowr: to 30° to north-north-west, maintaining the same angle 
steadiiy to the top of the pass. This is the typical structure of these 
detached sub-Himilayan ranges, the flat inner half of a normal 
anticlinal flexure. The range is about four miles wide.” Through- 
out the Sikkim and Bhutan dudrs there is no representative of the 
Siwalik hills and therefore no dems, but in the Dikrang basin of the 
Daphla hills, Colonel Godwin-Austen discovered two well-marked 
ranges of sub-Himalayan hills with an intervening din. We have 
now seen that the first characteristic features met within advancing 
from the plains to the Himmilaya are the Tarai, Bhabar, Siwalik range, 
and duns or valleys, and that though not continuous and indeed occa- 
sionally altogether absent, they are, taking the whole range, characte- 
ristic of the relations of the Hinrilayan mass with the subjacent plains. 


Crossing the Duns northwards towards the snows, we meet the 
outer ranges of the lower Himalaya. They 
have a general elevation of about 7,000 feet 
above the level of the sea, while the highest summits along the line 
reach between 8,000 and 9,000 feet. This generalisation, though 


giving the nearest approach to accuracy that the state of our know- 
+ Manual of Geology, p. 543. 


Lower Himélaya. 
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ledge permits, is only approximate, for we know very little regarding 
the outer range between the Sarda and the Brahmaputra. There is 
this peculiarity in Kumaon, that the outer range first crossed by the 
traveller is of considerably higher elevation than the intermediate 
ranges crossed between it and the outlying spurs of the great 
snowy range itself. We have said that we hold the entire Himahya 
to be but the southern slope of the great Tibetan plateau; that 
however rugged and furrowed this slope appears, itis homogeneous 
throughout. We reserve for the district notices the purely geogra- 
phical description, and will here try to answer the questions that 
naturally arise regarding these mountains as a whole. What have 
geologists been able to discover regarding their history and the ma- 
terials of which they are composed, and are the causes at work 
sufficient to produce such very varied results as are here exhibited? 
In attempting’ to answer these questions, we must refer to well- 
known principles,? which have been found true in Europe and apply 
with equal or ever greater force to the phenomena observable in the 
Himalaya. Without trespassing on the domain of the professed 
geologist, we may briefly summarise the facts observed regarding 
the Himalaya as a whole. We have scen that the outer range 
forms a geological as well as a physical boundary under Kun,aon. 
The whole mountain mass may be divided into three great belts. 
First, the sub-Himalayan tertiary sandstones outside the Himalaya 
proper of geologists, and which have a considerable development 
west of the Jumna. To them belong the Siwaliks and the Sirmur 
series on which the hill sanitaria of Kasauli, Dagshii, and Subathu 
are built. Secondly, a belt of limestone and slate forming the. 
outer range of the lower Himilaya on which the hill sanitaria of 
Simla, Chakrita, Masuari, Landaur, and Naini Tél are situate. 
Thirdly, the crystalline rocks with granitic intrusions that form the 
remainder of the lower Him&layan region as well as the line of 
snowy peaks, and across the British frontier to the north of Ku- 
maon, the paleozoic aiid secondary rocks of Tibet. Thus we have 
as the materials of the Himalaya the two great classes of rock 
known us the stratified or bedded and the crystalline. To the 


' My acknowledgements are due to the works of Medlicott, Blandford, Tyndall, 
and Geikie, on which the following pages are based. 1 Though known to 
every student, a re-statement of these principles seems neceseary in a work intended 
for popwar use in India. 
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former belong the limestone, sandstones, and slates that have been 
derived from the waste of the older rocks ; and to the latter the gra- 
nite, gneiss, and schists which occur in musses. 


The core or nucleus of all great mountain masses is formed of 
Materials of the Himé- Crystalline rocks, while the stratified rocks 
lays. enter largely into the composition of the 
lower subordinate ranges. This is trae of the Himélaya, Alps, 
Pyrenees, Rocky Mountains, and indeed ofall the great mountain sys- 
tems. A glance at the geological map given hereafter will show 
more clearly than any description the arrangement of these rocks 
in Kumaon. One of the fandamental principles of geology is that 
the sites of all the great mountain masses of the world at one time 
formed a part of the bottom of the sea. K2, Nanda Devi and 
Mount Everest, the last of which exceeds a height of 29,000 feet 
above the level of the sea, at one time apparently formed parts of 
the bed of an ancient ocean. For the crystalline rocks have arisen 
either from the gradual consolidation of materials which had been 
fused deep within the crust of the earth or from the influence of 
subterranean water combined with the earth’s interral heat, out of 
earlier sediments such as sea-mud and sea-sand, which in the course 
of time had sunk down and been covered by many thousands of feet 
of later deposits.! Geologists tell us* that while no important move- 
ments, except small and partial changes of elevation, can be traced 
in the peninsular formations of India, the whole of the gigantic 
forces, to which the contortion and folding of the HimAlaya and the 
other extra-peninsular mountains are due, must have been exercised 
since eocene times. The sub-Himalayan beds were deposited upon 
uncontorted paleozoic rocks ; and although a part of the Himélayan 
area may have then been land, the direction of the ranges is clearly 
due to post-eocene disturbance. It has also been shown that the 
movement has been distributed over the tertiary, post-tertiary, and 
pleistocene periods. It has been suggested that upheaval still goes! 
on, as earthqaakes are of common occurrence along the line of the 
HimAlaya andas far westwardsas Kabul. Three distinct shocks were 
felt at Naini Tél in April, 1880, and Srinagar in Garhwal was almost 
destroyed by a great earthquake in 1803. A recent traveller, 


' Professor Geikie on ‘ Mountain architecture.’ 3 Manual of the Geology 
of India, Zvi, 
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M. Severtsof, attributes the contraction of the great Kéra-kul lake on 
the western Pamir to a similar cause, and says that the connection 
of the Tidn-shén with the Pamir is due to an upheaval which geo- 
logically is of recent date and is still progressing. At the end of 
the cretaceous period and at the beginning of the tertiary period, 
the Tidn-shdn was separated from the Pamir by a strait with rocky 
islands, the marine deposits of which are found beyond the Tax 
Ashu pass. It is startling to the uninitiated to be told that 
the mighty mass of the Himélaya, as it now appears, is a forma- 
tion younger than the comparatively insignificant hills of the Dak- 
hin (Deccan) and Central India. The same, however, is said of 
the Alps, Pyrenees, Andes, and Rocky Mountains, all of which 
received their chief upheaval in tertiary times. 


According to Mr. Blandford it is probable that the crystalline 
axis of the western Himalaya which appa- 
rently terminates in the Dhauladhar peak, 
the western extremity of the snowy range seen from Simla, coin- 
cides with the shore of the ancient paleozoic continent of which 
the Indian peninsula formed a portion. If this be a correct view, 
the cis-Himalayan paleozoic rocks are in a great part of fresh water 
origin, whilst the marine paleozoic formations are found through- 
out the extreme north of the Panjéb, Kashmir, and the neighbour- 
ing countries north of the Dhauladhar and crystalline axis. In 
eocene times, the peninsula of India was part of a great continent 
probably united with Africa. To the east was a great sea extend- 
ing up the Asim valley along the southern base of the Garo hills 
and thence southward throughout a considerable area west of the 
Trawadi in Barma. There was another sea to the north-west cover- 
ing a great part, if not the whole, of Persia, Baluchistan, the Indus 
plain, and extending as far north-east as Garhwal, and an arm of 
this sea extended up the Indus valley into Ladak. The Himflaya 
and perhaps Tibet, wholly or in part, were raised above the sea, but 
there is no evidence to show that they had then attained any un- 
usual elevation. In later eocene times, the Himalaya had risen 
sufficiently to send back the sea boundary to the north of the Panjab, 
and in miocene times, the marine area was still further contracted. 
The existence of a sea in these places is attested by the pre- 
sence of marine deposits and shells, and this discovery clearly shows 


Eocene period. 
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that not only did the sites in which they occur once form the bot- 
tom of a sea but that the differenee in height now observed between 
them and the level of the sea must be greatly added to in order to 
arrive at the trne measure of the upheaval that has since occurred. 
The work of denudation that continually goes on shows us that the 
present summits of the mountains must in the course of time have 
lost a considerable portion of their substance, and in the next place 
we cannot suppose that the marine shells now found lay exactly at 
the sea level. The bed of the great sea may also have been subject 
to successive periods of depression and elevation before the eocene 
period without greatly altering its height. Professor Geikie' tells 
us what the forces are to which these marvellous results are due :— 
“The upheaval of the sea floor into land seems to have been due to 
a cause which has been going on from the earliest geological times 
and which is still in progress. It is believed that originally this 
planet possessed an enormously high temperature ; that, indeed, it 
was thrown off from its parent sun with a temperature probably 
even much fiercer than that of the sun at present ; and that it has 
since been gradually cooling and contracting. The external crust 
of the earth, varying greatly in stracture and otherwise, has yielded 
unequally to the strain of contraction. One result of this process 
has been the elevation of portions here and there into long ridges, 
forming the continental masses and mountain chains. You may 
illustrate this production of lines of elevation along a generally 
subsiding surface by what takes place when an apple dries. Its 
surface contracts and wrinkles, most of the skin sinking inwards, 
but, at the same time, inequally and leaving intermediate ridges to 
stand up. So in the gradual contraction of our planet, wrinkles have 
arisen on ite surface. It is these wrinkles which form our mountain 
chains. But such a subsidence of the crust could not have taken 
place without a very great deal of folding of the rocks. Descending 
nearer to the earth’s centre, the various layers of the crust had a less 
diameter to fill. They could only accommodate themselves to their new 
position by being crumpled up so as to occupy less space, or by being 
cracked across so as to allow some parts to be pushed above others.” 
We find that both these results have been produced, and the records 
of the Indian Geological Survey teem with illustrations of them. 


Ihe, 
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One other fact is noticed, by the same writer, in connection with 
Modeof mountainforma- the crampling up of the mountains, and that 
tion. is that this process has been the means of 
bringing up the crystalline rocks. “Before the time of the crump- 
ling, the whole future mountain area was covered with one continuous 
sheet of marine strata. But as the mountain chain began to form, 
the central portions came to be more and more compressed, 
puckered, and crystalline, some parts being squeezed up, whilst 
intrusive masses and veins of granite and other crystalline rocks 
were injected amongst the intensely altered strata along the central 
nucleus or core. It was during this process, doubtless, that the 
crystallisation of the gneisses and schists took place, when they 
passed from their original character of fragmentary (bedded) rocks 
and assumed the peculiar crystalline texture which they now present.” 
We have already noticed that there have been successive upheavals 
of the Himalayan mass through the tertiary and post-tertiary and 
even the pleistocene periods, and the effect of these upheavals on 
the form of the mountain ranges must have been considerable. 
Supposing, with Professor Geikie, that a whole mass of sedimentary 
rocks has been upheaved into land as a mountain chain, we find 
that ‘“‘on the outskirts of this elevated area, sedimentary deposits 
will continue to accumulate in the sea. If in the course of the slow 
secular contraction of the planet the upraised tract subsides, a new 
set of strata will be laid down upon the upturned edges of the older 
rocks. It is evident that in every junction of this kind, some 
considerable interval must have elapsed between the formation of 
the older series of rocks A (Fig. 4.) and the newer series B. 


Fic. 4. 





Section of a mountain chain showing three epochs of upheaval (Geikie). 

“In the course of time, the region having once yielded to the 
strain from terrestrial contraction will probably yield again, and a 
new upheaval will take place. The series B will now be raised up 
together with A, and another series C will be laid down in turn 
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upon its edges. Subsequently, the same fate will befall the group 
C. These three sets of differently inclined strata would fix for us 
three successive periods of upheaval.’ This simple explanation 
shows how very varying mast be the results of successive periods 
of depression and upheaval, and especially when, as in the case of 
the Himélaya, such an immense area has been subject to disturbance. 
We have now seen that the primary factor in mountain architecture 
are the great changes in the earth’s crust by which mountains 
have been formed, and the bedded deposits have become rocks, 
and eventually, as the process of upheaval went on, have been 
crumpled, folded, crystallised, and fractured. In this process, late- 
ral pressure has been the chief agent, and this has been exerted 
simultaneously from different sides in the case of the Himalaya, at 
least in the pleistocene period. No better examples can be given 
than those enumerated by Mr. Blandford as characteristic of the 
western area. Here we have amongst the mountain ridges that 
encircle the Indus plain and comprise pliocene beds, “ranges run- 
ning north and south such as the Khirthar and Sulaiman; east 
and west as the Mari and Bhugti and the Afridi hills ; north-west 
and south-east as the Pir Panjal ; north-east and south-west as the 
eastern Salt Range and Kharian hills ; and many intermediate 
directions may also be traced, independently of curved ridges.” 
Of the extent of these lateral thrusts an example will be found to the 
west of the Indus. Taking the Persian area and that of the Himé- 
laya and Tibet, “the mountain ranges fall roughly into two great 
curves convex to the southward ; but the deeper western curve has 
produced the smaller mountain ranges. That a gigantic lateral 
movement has taken place in the apex of the western curve is, 
however, shown by the fact that for nearly 150 miles between 
Gwadar and Jilk in Baluchistan, the track traverses beds, all appa- 
rently of tertiary age, at right angles to their strike and that all 
these beds are vertical or nearly so. The contraction in breadth, or 
in other words, the lateral movement must have been great to have 
converted horizontal formations into a series of undulations, with dips 
so high as those seen in the Baluchistan ranges.” The terme at our 
disposal to denote the relations of magnitude and adequately to depict 
the changes that have been wrought during such a period are utterly 
msufficient to convey a correct idea of what has taken place. Perhaps 
14 
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Professor Geikie’s simile of the dried apple is as far as we can go with- 
out entering into scientific details that belong tothe professed geologist. 


Only second in importance to subterranean influence in the forma- 
tion of mountains are the sub-zrial tools 
of the great sculptor, the different forms of 
water, ice-wedges, glaciers, snow, rain, and rivers.’ It is impossible 
to say what may have been the appearance of the mountain ranges 
when first formed, but we have every reason to believe that usually 
the process was gradual and that at once the denuding influence of 
the different forms of water came into play. Nature from the time 
the first atmosphere existed has ever been at work tracing lines 
which gradually work into gorges, ravines, and valleys, weathering 
peaks and rounding ridges and producing 
those alterations in the general appearance 
of the mountains that on a very small scale are familiar to most of 
us in a neglected hill-station. Both crystalline and bedded rocks 
abound in joints or divisional planes by which they are separable 
into blocks and no small part of nature’s work in sculpturing moun- 
tains is thus rendered possible. Into these crevices runs the melted 
snow or rain, and there congeals and again expands, forcing the 
blocks asunder by slow degrees. The sun’s rays turn the ice into 
water during the day, to penetrate still further and again congeal 
during the night, and this ceaseless process continued for many 
centuries shows its effect in the form of the mountains composed of 
even the hardest rocks. These are covered with massive boulders 
quarried by nature’s ice-wedges in this simple fashion. Where the 
dislocation takes place near the edge of a weathered cliff, the mass 
of ruin caused by the toppling over of huge blocks is often gigantic. 
Gerard describes the upper portion of Purgial (Lio Porgyul) as the 
“wreck of some towering peak burst asunder by severe frost.” Fraser 
tells us that the sammits near Gangotri and Jamnotri are a mere con- 
fused mass of huge crumbling boulders, and the same description 
applies to nearly all the peaks that have been visited by travellers. 
We have next to notice snow in the form of avalanches as one 
of the tools employed in mountain sculpture. 
The winter snow, when exposed to the summer 


‘ Acknowledgment is duc here to Professor Tyndall's and Professor ' 
A, Geikie’s mountain architecture. 


Mountain sculpture. 


Ice-wedges. 


Avalanches. 
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sun and influenced also by the heat of the earth itself, is often de- 
tached in masses sufficient to cause great natural disturbances. It 
has been suggested that the change in the bed of the Satlaj in the 
plains to its present one has been produced by an avalanche in its upper 
course having dammed up the river. In time the barrier gave way 
and sent. down an immense flood to the plains, sufficient to carve out a 
more direct course which the river itself has since continued to 
occupy. 


It is, however, to the action of snow in the form of glaciers that 
the more important results are due. These 
great engmes of denudation have the form 
of a solid river ever progressing downwards through the valleys 
until the point is reached where the rate of motion is balanced 
by the melting of the ice. In the figure of the Pindari glacier, 
given hereafter, it will be seen that the glacier fills the bed of the 
upper valiey and is fed by the drainage of the snow-covered slopes 
on either side. Its face is discoloured with mud and stones and is 
utterly unlike one’s preconceived idea of masses of ice. Along the 
sides and edges, too, are'rows of earth, stones, and boulders trans- 
ported and deposited in order by the ice-stream. These deposits are 
called moraines. Much of the material transported falls down into 
the crevices and gets between the bottom of the glacier and the rocky 
bed along which it moves, and which is thus subjected to a grinding 
process that reduces even the hardest rocks to powder. This fact 
accounts for the turbid character of glacier streams, especially near 
their source. The influence of glaciers, therefore, is two fold, firstly 
in transporting materials and secondly in reducing them to mud or 
sand. The combined result is often seen in the mass of detritus 
heaped up towards the end of a glacier called a terminal moraine, 
and in the striated and smoothed appearance of the rocks that have 
been subjected to glacial action. As will be seen hereafter, there 
is sufficient evidence of a great extension of glacial action in 
former times that must have had a very important influence on the 
form of the mountains. Cunningham records three great inunda- 
tions of the Indus due to the bursting of glaciers in the upper por- 
tions of its course. These had dammed up the river bed and 
eventually gave way, sending 1 flood down the channel which in 
the cataclysm of June, 1841, appeared as a wall of water some 
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thirty feet high, destroying every thing that came within its 
reach.' 

Rain has had even a more constant and penetrating influence 
on the mountain masses than any of the pre- 
ceding forms, for it has furnished the ma- 
terials from which the ice has been formed and is more universal in 
its operations. The salts and acids contained in it have also had a 
peculiar action of their own. Rain while falling through the air 
takes up some portion of carbonic acid and when it reaches a rock 
dissolves and carries away certain portions of its texture. The 
result of this process is that not only is the rock reduced in bulk by 
chemical action but what remains also becomes more easily operated 
on by the mechanical action of falling water in the next shower: 
For illustrations of these processes take any line along the lime- 
stone ridges about the hill sanitaria already mentioned, and it will 
be seen how the outer crust where exposed:is crumbly to the touch, 
and has a rough sandy appearance. For those who have seen the 
long gneissic range extending from Almora to Devi Dhura in 
Kumaon, there could not be a better example of the influence of 
rain or rock than is there exhibited. Along the road on each side 
where the rock has been exposed to the weather, the outer layer is 
removable by the hand, and at the base will be found a little heap 
of. sand that has been weathered away in course of time. Many of 
the more loosely formed shales, especially those that contain alum, 
speedily decompose on exposure to the atmosphere and it is on this 
acceunt that in the midst of rocky formations in the Himilaya it is 
so often very difficult to obtain good building stone. Another 
familiar example of the influence of the rain-fall on the rocks will 
be seen in the stones of old buildings throughout the hills. Where 
protected from the weather their surface exhibits the faintest trace 
of the graver’s tool intact, but where exposed they are worn and 
eaten into and the outer skin appears granulated and rough. This 
waste of rock material has been in progress for centuries and has 
produced a soil in which trees have taken root and shed their leaves 
to produce by decomposition and mixture with the waste the rich 
vegetable mould that overlies our forest-clad hills. The presence 
of these trees has had the farther effect of retarding the removal ef 

* Ladak, 104 : J. A. S. Ben, X,617 : XII, 183 : XVII. 230. 
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the newly formed soil not only by absorbing a portion of the chemj- 
cal elements carried down by the rain-water, but also by breaking 
the force with which the rain would otherwise fall on the soft soil. 
Thus we find that on well wooded hills the depth of useful soil is 
considerable and that springs are numerous and abundant. On the 
othér hand wkere the hilis have been cleared of forests, the finer soils 
are soon washed away by the almost tropical rain. The rocks from 
which the soil has been formed again appear at the surface and 
the rainfall rapidly drains off leaving no supply for springs, and if 
the process be continued over any considerable area, cultivation 
becomes impossible and the climate is essentially altered. What de- 
foresting has done for Almora can be seen iu its scanty rain-fall, its 
barren slopes, and few springs, although the area affected is so small. 


The action of a river in the sculpture of mountains is three-fold. 
First, it has the chemical action of rain in dis- 
solving portions of rock constituents : again, 
it has in its mountain course the grinding power of the glacier in the 
roree with which it drives the gravel, stones, and boulders alon, its 
rocky bed : and thirdly, it has the glacier function of transporting 
mieterial and laying them down in deposits elsewhere. In the case of 
‘glaciers the denuding process is the more important, and in the case of 
rivers the transporting function has, perhaps, more influence in mould- 
ing the features of the surrounding country. In the beds of many of 
our mountain streams we can detect the action of both glaciers and 
rivers in the striated and furrowed appearances produced by the 
former and the rounded forms of worn pebbles due to the influence of 
flowing water. The maddy colour of the water is due to mud or sand 
held in suspension, and it has been estimated that in this way one six~ 
thousandth part of a foot is annually carried away from the water-shed 
of a great.river. This waste is, however, very unequally distributed, 
boing very much greater in slopes and valleys and less in plains. “We 
may be prepared, therefore,” with Professor Geikie, “to find that solely 
by the continued erosion of ranning water, even the most recently up- 
heaved mountain chains have had stupendous chasms carved out of 
their sides, and an almost incredible amount of material removed from 
their surface.” Sach has been the origin of the Scottish valleys 
which, according to the same writer, “ have been cut out of the 
general mass of the upraised rock. The existing mountains are 
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what we now find them to be, because they have been left standing 
while the valleys have been excavated among them.” Playfair in his 
“ Tilustrations of the Huttonian Theory,” as quoted by the same 
author, writes :—“ If indeed a river consisted of a single stream 
without branches, running in a straight valley, it might be supposed 
that some great concussion, or some powerful torrent, had opened 
at once the channel by which its waters are conducted to the ocean; 
but when the usual form of a river is considered, the trunk divided 
into many branches, and then again subdivided into an infinity of 
smaller ramifications, it becomes strongly impressed upon the mind 
that all these channels have been cut by the waters themselves ; that 
they have been slowly dug out by the washing and erosion of the land: 
and that it is by the repeated touches of the same instrument that 
this curious assemblage of lines has been engraved so deeply on the 
surface of the globe.” In major and minor river systems the same 
principle is observed ; the lines marking the tributaries of a stream 
appear like the veins of a leaf all converging on the mid-rib and 
each forming within its own area a separate main line of a smaller 
system until the differences are inappreciable. But it may be asked 
why, if these influences are uniform in their action, the results are 
so varied. The answer is not far to seek and is to be found in the 
varied character of the materials on which the aérial forces operate. 
The southern flank of the Siwéliks below Dehra, consisting of soft 
sandstones, are weathered by the heavy monsoon rains until they are 
almost perpendicular. The Krol limestones give their picturesque 
outline to the outer Himdlaya, when compared with the other lower 
ranges. The shales and slates have a character of their own, and 
the great crystalline range itself owes its form to the rocks of which 
it is composed. Kamet hasits peculiar pyramidal shape from its cap 
of granite, and Nanda Devi, Trisul, and the Panch Chuli have had 
their peaks defined by simple aérial action on their materials. Thus, 
our mountain ranges are due in the first place to subterranean disturb- 
ances, and in the second place, to the action of the different forms of 
water, chemically and mechanically, on the varied materials of which 
the rocks are composed. It is the combination of these two forces 
that gives such varied results, and until niore accurate and compre- 
hensive information is recorded regarding their operation, it is impos- 
sible to base our physical description on other than arbitrary grounds. 
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Tue British Himalayan districts, which form the immediate: 
subject of this sketch, are themselves such 
a small portion of the immense geological 
tegion to which they belong, that we shall have to wander consider- 
ably beyond their limits to attain some idea of their place in nature. 
Some of the ground forms part of one of the best known, and 
certainly the most widely known, of our Indian rock-formations : 
the Dehra Dun is pre-eminently the Dun ; and the low hills sepa- 
rating it from the wide Gangetic plains are the original Siwaliks, a 
name to be found in every geological text book. The rocks of the 
higher hills to the north, below the snowy range, haye as yet received 
only cursory attention, being chiefly non-fossiliferous slates and crys- 
talline schists. On the snowy range and beyond it in Chinese territory 
we again come upon formations of well-established position, but of 
which we have little real knowledge, and are altogether dependent 
upon the occasional observations of a few adventurous explorers. 


Position of the ground. 


In geology, no less than in other sciences, it is desirable to be 
able to trace the stages of knowledge. Even 
in descriptive geology this information is 
interesting ; and for the student such illustrations are almost essen- 
tial. Although the germinal idea of geology, that the aboriginal 
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superposition of sedimentary deposits is a sure indication of succes- 
sion in time of formation, and hence that the structural relations of 
rocks are the ultimate criterion of age, had to be conceived before 
geology could have birth. The difficulty of applying this test, of 
observing obscure and scattered outcrops, and of putting together 
and discussing the features thus laboriously collected, is so great, 
that, from the beginning, geologists have sought for, and adopted 
more ready tests for the chronological classification of rocks. The 
history of progress in geology is in great measure made up of the 
failures of generalisations thus too hastily arrived at; the total 
breakdown of false assumptions, and the correction of errots due to 
the forced application of partially understood principles ; to the 
reglect of the regulating laws of structure. The science is so young 
that its history in India affords examples of these errors. In some 
cases our admiration of the men and the work they accomplished 
jis positively enhanced by our knowledge of the difficulties under 
which they laboured. The names Herbert, Falconer, Cautley, and 
Strachey call especially for mention in connection with the ground 
under notice. Cautley and Falconer will be imperishably associated 
with the paleontological branch of geology, as having with great 
labour brought together the unrivalled collection of fossils, the 
description of which was partially published in the Fauna Antiqua 
Sivalensis. Work of this kind endures, in so far as it is to a great 
extent a record of hard facts, having each a permanent interest, 
such as the existence of a certain fossil within a fixed range of 
strata. It is not so with facts of the first order in geology proper : 
the announcement that such a kind of stone occurs in any particular 
place conveys no information that can be said to have scientific 
value ; it is only when accumulated and colligated under established 
principles of formation that such petrographical facts come to have 
any geological meaning. Herbert’s observations were of this order. 
He dealt entirely with unfossiliferous rocks, and the principles under 
which he had to arrange those observations were still toa great 
extent artificial ; his work has therefore only an historical interest. 


Captain G. D. Herbert, however, must rank in merit as well as 
by date amongst the foremost pioneers of geo- 
logy in India. Asa man of great talent and 
of sound and extensive scientific culture, he may stand with Captain 


Herbert. 


OF THE NORTH-WESTERN PROVINCER. 113 


Newbold, who did so much for the geology of Southern India. The 
advantage of the latter lay in the greater simplicity of the ground he 
worked in and in his being even a few years later in the field. The 
mineralogical survey of the Himélayan districts was one of the earliest 
attempts at a geological map of a considerable area made officially, in 
India. The work was entrusted to Captain Herbert by the Marquis 
of Hastings; but it was left to private enterprise to make known the 
results. The publication was taken up by Mr. Henry Torrens, of the 
Bengal Civil Service, the aceomplished editor and proprietor of the 
so-called Journal of the Asiatic Society of Bengal, which was then 
brought out at the personal risk and responsibility of the Society’s 
Secretary, and was really the continuation of the publication started 
by Captain Herbert himself in 1829 with the more appropriate title 
(under such conditions) of Gleanings in Science. The report appeared 
as an extra number of volume XI. of the Journal for 1842, nine years 
after the death of Captain Herbert, and seventeen years after the 
completion of the survey. The map to illustrate the report was 
issued with volume XIII. for 1844. It comprises the very large 
area lying between the river Kali and Satlaj, more than 200 miles 
in length, and from the plains to beyond the snowy peaks, a breadth 
of 90 miles. Captain Herbert does not assume any pretensions to 
authority. He tells us very plainly that he made up his geology for 
the occasion, but it is plain, too, from his obser- 
vations and reflections, that he thoroughly 
mastered his authors. His suggestions in correction of current 
views are often very judicious, and display a truly scientific turn of 
mind. His work, nevertheless, can only be noticed in illustration of the 
history of Indian geology. He divides all the rocks of the mountains 
into two great ‘primary’ formations—one for the gneiss occupying 
the central region, and one for the micaceous, 2hloritic, hornblendic, 
and argillaceous schists, to which also he joins the limestones. He 
makes a third zone of the narrow strip of “ secondary rocks, mostly, 
if not entirely, the Newer Red, or Saliferous Sandstone.” On the 
strength of this purely imaginary identification borings were recom- 
mended, if not actually undertaken, along the margin of the plains, 
to find the carboniferous formation with its coal. This notion was 
not quite exploded by the discovery of the famous tertiary fauna in 
a part of the rocks designated by Herbert as New Red Sandstone ; 
15 
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and by the latest writers, prior to the Geological Survey, the sand- 
stone along the fringe of the Kumaon mountains, and now known as 
the Néhan or lower Siwdlik group, are treated as secondary. The 
constant dip of the rocks of the southern Himdlaya towards the 
central axis, so marked a feature in their structure, was treated by 
Herbert in a manner characteristic of the times. His three forma- 
tions being by assumption successive in order of time, the observed 
structure seemed to subvert this ordained relation, making the 
younger apparently pass beneath the older, the schists beneath the 
gneiss, and the sandstones beneath the schists. Heattempted first to 
explain this anomalous feature by faulting ; but when his cal- 
culations seemed to demand a fault having a throw of eight miles, 
he gave up the idea in favour of a supposition infinitely more 
extravagant. He came to the conclusion that the apparent bed- 
ding in each of his three series is not true stratification, due to 
the process of deposition in water, but only pseudo-stratification, 
produced by some process of concretionary action; thus, for 
the sake of a collateral issue, he cut away the very foundations of 
the science of geology. 

The work of Cautley and Falconer was the geological converse 
of that attempted by Herbert. They dealt 
entirely with one series of rocks, and treated 
them almost exciusively from the point of view of their fossil contents. 
The range of thcir operations was limited to the low fringing hills 
between the Ganges and the Satlaj. The structural features were 
very slightly touched upon, the strata being taken to belong to one 
unbroken formation, which was recognised as of geologically recent 
date, and as being distinctly made up of the débris of the Himalaya. 
The following abstract list of fossils will give an idea of the extent of 
their labours, and of the richness of the fauna they discovered :— 


SIWALIK FOSSIL VERTEBRATES. 
QUADRUMANA. 
Semnopithecus, Pithecus. 


Cautley and Falconer. 


CARNIVORA. 


Hyena, Amphicyon, Hyenarctos, Canis, Mellivora, Felis, 
Drepanodon, Lutra, Enhydriodon. 
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PROBOSOIDIA. 
Stegodon (4 sp.), Lozodon (1 sp.), Euelephas, Mastodon (2 sp.), 
Dinotherium (sp.). 
ARTIODACTYLA. 
Hexaprotodon, Merycopotamus, Hippohyus, Sus, Chalicotherium, 
Sivatherium, Antilope, Cervus (sp.), Camelopardalis, Camelus, Bos 
(sp.), Hemsbos, Amphibos. 


PERISSODACTYLA. 
Rhinoceros (3 sp.), Antoletherium, Equus, Hippotherium. 
REPTILIa. 
Crocodilus, Leptorhynchus, Varanus, Colosevchelys, Emys, 
Trionyx, Testudo. 
Undetermined species of Aves, Pisces, Mollusca and Crustacea. 


It is to Captain Richard Strachey, of the Bengal Engineers, now 
General Strachey, Member of the India Council, that we owe the 
first sound attempt at a sketch. of Himalayan 
geology based upon extensive observation. 
An abstract of his results was published in the Quarterly Journal 
of the Geological Socicty of London for November, 1851, and the 
Map accompanying his paper includes about the same ground as 
that of Herbert. A comparison of the two maps shows how great 
an advance had been made. It is grettly to be regretted that 
official and other business prevents General Strachey from making 
with his own hand the few corrections and additions necessary to 
bring his work up to date for the present publication. The annexed 
map is little more than a teproductior of General Strachey’s, 
and the description also of a large portion of the ground is a reprint 
of his paper.’ Acknowledgment is made by him that a considerable 
portion of the observations recorded were contributed by his 
brother, now Sir John Strachey, late Lieutenant-Governor of these 
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provinces. 
For the geographer a mountain chain is fixed by the conditions 
of continuity and direction. The geologist 


The mountain system. ‘ . é 
would fain make his mountain systems to 


1On the Geology of Part of the Himalaya Mountains and Tibet : Quar. Jour., 
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depend primarily upon contemporaneity of formation, as suggesting 
causal connection. From neither point of view can the Himfluya 
pretend to fixity of limits. On the south, indeed, no great physical 
boundary could be more marked than the base of the mountains 
between the Jhelum on the west and the Bramaputra on the east, a 
distance of about 1,500 miles. The line is remarkably unbroken, 
without projecting spurs or open re-entering valleys. It has a 
uniform curve, the bearing in Upper Asém being to east by north, 
while in the Panj&b it is nearly to ‘north-west. Throughout this 
entire length the hills rise abruptly from the alluvial plains. The 
terminations of this boundary are also very well marked. The Asim 
valley ends against the ranges of thé Barma-Malayan mountains, 
which pass ap from the south, at right angles to the Himdlayan 
chain, to coalesce with it in the elevated regions of Eastern Tibet. 
Similarly on the north-west the ranges of the Sulimaén and Hindu 
Kush pass continuously into the mountain region of Little Tibet, 
nearly at right angles to the ran of the north-west Himalaya. It 
is on the north that the question of a physical boundary is to a great 
extent arbitrary. The chain of mountains that, under the name of 
Himalaya, forms the northern boundary of Hindustan, is in reality 
the southern face of the great mass of elevated land extending through 
nearly 30 degrees of longitude, from the sources of the Oxus to those 
of the great rivers of China, while its northern face appears upon 
our maps as the range called Kuenluen. To the south lie the plains 
of India, whose greatest elevation is about 1,000 feet above the sea; 
while on the north is the Central Asiatic desert, which nowhere is at 
a less altitude than 3,000 feet. The loftiest summits known on the 
surface of the earth are to be found towards the southern edge of this 
elevated region, at least one peak having been measured whose height 
is upwards of 29,000 feet, while along the whole line peaks of 20,000 


feet abound. 


So little is known of the interior and northern parts of this region 
that it is impossible to offer any general account of it based upon 
actual observation ; but as far as we may judge from those parts that 
have been explored, it appears that the surface is, with few excep- 
tions, broken up into a mass of mountains, 
the general elevation of which, valleys as 
well as ridges, is very great ; and there seems no reason for supposing 
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that either the Himalayan or Kuenluen have any definite special 
existence as mountain ranges apart from the general elevated mass 
of which they appear to be the two opposite faces. The portion of 
the southern chain to which the following description more particu- 
larly refers, is somewhat to the west of a central line, on about the 
80th degree of east longitude, which meridian passes through the 
island of Ceylon, and not far from Cape Comorin. The order of 
notice will be in successive zones from south to north—the plains, 
the Sub-Himdélayan zone, the Outer or Lower Himélaya, and the 
Central Himalaya. 

While difference of opinion exists as to the formation of the most 
recent deposits, it is not to be wondered at 
that there is often much doubt as to the origin 
of ancient formations. The primitive idea that a water-basin is 
necessary to the accumulation of extensive sedimentary deposits is 
still widely held. To it is primarily due the not yet obsolete opinion 
that the plains of India are in great part of marine origin. The only 
direct evidence in support of this view is the local occurrence of salt- 
wells, which also involves a popular error, for although the sea is the 
great receptacle of salt, it is chiefly by rock-decomposition on dry 
land that salts originate. This fact is likely to force itself disagree- 
ably upon future generations in India ; at present we have only to do 
with it as at least weakening a mistaken geological position. The only 
fossil remains found in these plains-deposits are of land or fresh water 
origin, and these occur even in the delta below the present sea 


The plains, 


level. 

The surface-form, and the distribution of the materials of these 
deposits, is, moreover, just what is now understood to be due to the 
normal action of rivers above their final point of discharge. Torrents, 
streams and rain-scour from the precipitous slopes have accumulated 
a wide bank of coarse diluvial deposits along the base of the mountains 
which is known in these provinces as the bhd- 
bar or forest zone. In Rohilkhand it is about 
ten miles wide, and has a fall of from fifty to seventeen feet per mile, 
and, except in the rainy season, water is not procurable in it. Even 
considerable streams sink into the porous 
gravel-beds. Ontside the bhdbar is the tardi, 
also about ten miles wide, in which water is superabundant, 
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producing swamps and excessive moisture. Formerly it was 
supposed that this was an area of actual depression; it has, however, 
a very considerable fall, averaging (in Rohilkhand) more than ten 
feet ina mile. The moisture is due to the copious re-appearance 
of the water absorbed at the head of the bldbar. From the tardt 
the plains gradually decrease in slope to three or four inches per 
mile in the deltaic regions. 


A belt of fringing ridges, varying in width and abruptly lower 
re dap lHlinanyen os than the contiguous mass of the Himalaya, 
Siwélik zone, formed of occurs throughout their entire length, with 
ee ane. perhaps two short interruptions in Lower 
Asam, which are doubtfully and in part attributed to denudation. 
The pure geographer might, in some places. ignore this feature, as 
perhaps below Naini Tél and Darjeeling, choosing to regard its 
representative there as mere spurs of the mountains Geological 
observation, however, draws attention to geographical features that 
might otherwise escape notice, and notes that these so-called spurs 
will always be found affecting the form, not of spurs proper, but of 
ridges parallel to the adjoining mountains, and in a more or less 
marked degree semi-detached from them by a chain of deep longitu- 
dinal gorges and low gaps, corresponding with a leading geological 
boundary, that between the old slaty and schistose rocks of the 
mountains and the massive tertiary sandstones of these fringing 
hills. 
From this double consideration the name Sub-Himalaya has 
Divisions of the terti- been given to these lower ranges and to 
ary series. the rock-series forming them. For the 
most part these hills are apparent to the least observant traveller, 
their outer ranges being separated from the inner ones by broad 
flat valleys, or dtins. These more detached ridges have long been 
familiarly called: Siwéliks, a name extended by Cautley from the 
native name (Shib-wala) of the representative range separating 
the Dehra Duin from the plains. This name, too, has been hitherto 
currently applied to the hills and rocks here described as Sub- 
Himélayan, wherever distinctly recognised. The closer study of 
this zone has, however, brought to light distinctions involving some 
difficulties regarding the application of this familiar name. It has 
been found that there are recognisable divisions in this great series 
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of the tertiary deposits of the Sub-Himalayan hills, and that the 
younger of these groups contains by far the largest share (if not 
all) of the well known Siwalik fossils. On this account it was 
proposed to restrict the name Siwélik to the band in which those 
fossils occur ; but there are good reasons for preferring to con- 
tinue the extension of the old name, and to indicate the separable 
geological horizons as Upper, Middle, and Lower Siwalike. On 
the small map annexed they are coloured together as upper 
tertiary. 
It was in the ground west of the Jumna, between the Kayarda 
Supposed key sectionof #2d Pinjor duns, where the outer and inner 
unconformable groups. = hills are confluent for a length of about 
forty miles, that the separation of the original Siw4lik series into 
distinct groups was first breught to notice. Throughout the whole 
cross-section the dip of the strata is inwards, towards the moun- 
tains ; but along a sharply marked line, continuous through the 
length of these hills, there is a junction of highly contrasting rocks : 
the brown and yeilow clays, and conglomeratic gravels at the top 
of the series forming the outer zones of low hills, abut against 
harder red clays and sandstones forming an inner zone of somewhat 
higher hills. The feature is nowhere better seen than in the 
region of the Markanda, south of the town of Nahan, the capital 
of Sirmir. As is generally the case along the junction of rocks of 
very different textures, the actual surface of contact is concealed 
by débris; and the appearance suggested by the conformable 
dips is that the outer rocks pass regularly beneath the inner 
ones. 
Such was the view tacitly adopted by the discoverers of the 
Overlooked by early auna Stwalensis. It was from the same 
observers. trans—Jumna region, south of Nahan and 
of this rock-junction, that a very large proportion of the great 
Siwalik fossils were procured. No particular notice was taken 
of the striking feature just described; and Cautley accounted 
for the absence to the east of the Jumna of the highly fossilifer- 
ous beds known to the west, by supposing a lesser upheave- 
ment of the ground to have occurred in that direction ; thus dis- 
tinctly implying that those beds underlie and are older than 
the rocks of the cisJumna Siwalik range, which he had himself, 
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from fossil and petrological evidence, identified with the rocks at 
Néahan. 
Herbert’s deliberate rejection of the elementary fact of stratifi- 
Nature of the uncon. Cation, to make way for a theoretical diffi- 
formity. culty, is scarcely a less remarkable date- 
mark than the ignoring of so striking a stratigraphical feature by 
the original explorers of the Siwaliks. The facies of the two con- 
trasting groups, as seen along the boundary, at once suggest that 
the outer and apparently anderlying rocks are really the younger, 
and this is immediately confirmed by finding that the conglome- 
rates of this group are principally mado up of the débris of the 
contiguous inner strata. Although this latter fact would be some- 
what against the supposition, the steep abutting rock-junction 
would next suggest a fault, along which the lower strata were 
upheaved on the north, and thus brought into contact with younger 
beds of the same series. Patient search, however, revealed an exposed 
section of the actual contact showing the relation of the strata 
to be quite different from that implied by faulting. The con- 
glomerates were found to rest against a denuded surface of the older 
group of rocks ; the junction being in fact that of an original steep 
edge of deposition to which an actually overhanging, inverted pitch 
had heen given at many points by subsequent lateral compres- 
sion. 

The feature, as thus described, involves much more than simple 
successive deposition of the groups. It ex- 
hibits strong unconformity between them, 
requiring the older group to have been upraised and deeply denuded 
before and during the formation of the younger one. Such a relation 
generally implies a considerable break and lapse of time between the 
formations, with a corresponding change in their fossil fauna. It is 
precisely the history of such changes which it is the business of 
geology to unfold. But to the unfortunate neglect of the simplest 
stratigraphical observations, fossils from both groups were mixed 
together in the magnificent collection that lay ready to the hand of 
the early discoverers. On account of the character and extent of this 
stratigraphical feature, suggesting that an unconformity of such depth 
must have a very wide range, it was proposed by the first observer of it 
to restrict the name Siwalik to the younger formation, and to designate 
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the older rocks, of the inner zone, as the Néhan group. It is the name 
by which Cautley identified a certain horizon in the series, although 
apparently assigning to it a position the reverse of the correct 
one. 

Large as is the gap absolutely required between the ages of the 
beds actually in contact along this boundary, 
it was matter of surprise from the first that 
no trace of so great an unconformity could be found in the immense 
thickness of deposits to the south of it. From the conglomerates 
at the junction, southwards to the plains, one crosses « descending 
section of several thousands of feet of strata without a trace of 
unconformity : showing either that even at the base of this section 
the beds of the Nahan group are not represented, or that the dis- 
turbance which produced the unconformity along this line of abrupt 
contact was of such a nature as to admit of continuous deposition 
within so very short a distance. Ruling ideas at the time were 
certainly against the latter supposition, that extended observation 
seems to confirm it. Going westwards along the Pinjor Dun, we 
find at the Satlaj, on the very strike and extension of the Néhan 
range, a continuous conformable sequence from the beds of the Nahan 
horizon into the softer sandstones, clays and conglomerates at the 
top of the series. The line of disturbance which in the Néhan region 
resulted in a denuded scarp against which the topmost beds were 
deposited by overlap, produced in the Satlaj region an anticlinal 
flexure whick must have been so gradually evolved that the deposits 
accumulating along its southern base were sensibly conformable 
throughout, although now we find the uppermost conglomerates 
almost vertical, with a southerly underlie, at the edge of the Dun. 
Thus it is evident that a well-defined break is not a general feature 
in the Sub-Himalayan rock-series, and that it would be premature 
so far to sever such a portion of it by a separatc name from the time- 
honoured Siwéliks. The name Nihan is already current in print, 
and may at present be understood to indicate lower Siwélik rocks. 
It is important, however, to point out that the real inference from 
the unconformable junction is of more interest than the primd facie 
one ; without it we should not have had distinct proof that slow 
disturbance of great amount took place in the Sub-Himalayan zone 
during the formation of the Siw&lik deposits. 

16 
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Although the marked separation of groups suggested by the 
peculiar feature of the hills between the Kayarda and Pinjor duns 
A division maintained is not muintainable westwards, there is a uni- 
eee ft aeedlle ae formity of change throughout the series from 
per Biwéliks. base to top whereby approximate horizons are 
assignable. Conglomerates and gravels prevail at the top, variably 
associated with brown sandy clays. In many clear sections the 
thickness is quite 4,000 to 5,000 feet. It is not, however, to be 
understood that the deposits were ever strictly superimposed to that 
depth vertically. The mode of deposition in successive banks, each 
trailing upon and thinning out beyend its predecessor, as pointed 
out above for the section on the Satlaj, must greatly modify the 
familiar meaning of the word thickness as regards space ; although 
where such deposits become tilted up by lateral pressure, and exposed 
along a comparatively shallow section, the appearance is quite the 
same as if vertical superposition of the whole series had obtained. 
Nevertheless, as regards time, the fullest thickness must be taken 
into account, for each bed is truly successive to that below it. Even 
when raised to the vertical, those upper Siwalik strata have so 
fresh an appearance as to be scarcely distinguishable from the 
most recent deposits—from the beds of the torrent sbingle or of 
sandy alluvium now accumulating in the duns or on the plains. 
The complete justification for their distinction as an upper Siwélik 
group is found in the few fossils they have yielded, some of 
which, as Bubalus paleindicus, would connect them with the 
pleistocene deposits of the Narbada valley rather than with the 
pliocene Siwaliks. 
The main fossiliferous zone of the Siwaélik series constantly 
ude Sal: occurs beneath the thick mass of deposits 
noticed in the last paragraph, and it has a 
fairly characteristic rock-facies of its own. Massive, clear, gray; 
soft sandstone is decidedly the prevailing rock ; but brightly tinted 
clays are also often in great force. The large vertebrate remains, 
although mostly found in sandstone, are certainly more abundant 
where there are associated clays. Several thousand feet of thickness 
must also be assigned to this middle Siwalik group. Falconer con- 
sidered this Siwalik fauna to be miocene, but palzontologists are 
now decidedly in favour of its pliocene affinities. 
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In conformable sequence beneath the fossiliferous zone we find 
rocks of the same type, but having a decid- 
edly different aspect—strong sandstones, 
but of a darker hue, and often highly indurated, with hard clays 
generally of a deep red or purple colour. Throughout the Himéla- 
yan range, east of the Satlaj, they form the flanking ridges close 
under the higher mountains, and inside the duns ; or at least they 
mostly occupy that position, for it cannot he said that middle Siwa- 
lik beds do not occur there too, as will be seen from the remarks 
upon structure. No fossils can be quoted from those beds, but it is 
believed that some existed in the original Siw4lik collections. They 
would probably be of miocene age. 


Néhan or lower Siwflik. 


One of the most interesting features in these Siwdélik deposits is 
Horizontal variations the variation they exhibit in relation to the 
in the Siwélik deposits. position of the great river-gorges. This is 
most marked in the case of the upper portion of the series. The 
accumulation of coarse conglomerates is immensely greater in the 
immediate vicinity of the large rivers of the Himalayan system, and, 
moreover, it is only within the range of those streams that we find 
the beds of large rounded blocks of quartzite and other hard rocks 
such as are now brought down by those great torrents. In tho 
intervals between the rivers such conglomerates as occur are formed 
almost exclusively of the débris of the adjoining hills, the same as 
are found in the minor streams now flowing from those hills; but in 
this position sandy clays often form the bulk of the formation. The 
same influence is observable in the middle group of the series, which 
is often conglomeratic and gravelly, or almost exclusively sandy, 
near the main rivers, while away from them the clays are often in 
great force. These facts are very observable at the Satlaj ; in the 
gorge above Bubhor the whole of the upper group is coarsely con- 
glomeratic, and the middle one is more or less pebbly throughout, 
while at seven miles to the north-west the brown sandy clays, in 
which the fossil Jubelus and camelus were found, form three-fourths 
of the entire thickness of the upper group. The apparent exception 
in the case of the Jumna is even a more marked illustration of the 
fact under notice. The river now flows through the Siwalik range 
at many miles to the west of the gorge where it leaves the inoun- 
tains; the fact being that in the elevation of the outer range the 
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Jumna could not erode a passage through the great accumulation of 
conglomerates it had formerly discharged in front of that gorge, 
and which now form the highest summit of the outer range. It had 
to work round them not in the direction of its near neighbour the 
Ganges, but towards the region of lesser deposition. Thus the con- 
traa&t between the Siw4lik strata to the east and west of the actual 
river-passage is so great-that it has been questioned if the formations 
can really be the same. To the east the upper group is made of 
the hard shingle conglomerates, while on the same strike to the 
west the conglomerates are composed of local, principally lower 
Siwélik, débris. In the cisJumna Siwéliks the middle group is 
formed of thick masses of soft sandstones that have yielded very 
few fossils, while to the west clays occur largely on the same 
horizon, and fossils abound. The facts indicated in this paragraph 
are of great importance, as bearing upon the question of the 
mountain-formation ; showing, as they clearly do, that although 
these deposits, to a thickness of 8,000 to 10,000 feet, are 
now in many places turned up to the vertical, and even in- 
verted, yet the main features of the higher mountains must have 
been during the Siwdlik period sensibly similar to what they 


are now. 


So far we have briefly considered the original characters of the 
@tructure of the Biwélik Siwalik strata : it is necessary now to notice 
rocks. the features induced by disturbance. This 
has taken place on the grandest scale. On the right bank of the 
Ganges above Hardwar the gray sandstones of the middle group 
have a high southerly dip ; and this rises gradually, through an 
enormous thickness of strata, to a nearly vertical underlie in the 
conglomerates at the outer edge of the range. A section of the 
same type is splendidly exposed in the gorge of the Satlaj above 
Bubhor, in the second range of the Sub-Himélayan hills. There 
is much method in the form of these flexures : they very generally 
affect the form known as normal, i. e., bends in which the dip is 
greater on one side of the axis, and so called because of more com- 
mon occurrence than the symmetrical flexure—when both dips are 
equal—or than the folded flexure, in which the strata on tho side of 
the steeper dip have been pushed beyond the vertical, and sc 
partially inverted. As an almost universal rule in this region, the 
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steep side of these normal anticlinal flexures is turned from the 
mountains. From this there results the familar conformation of the 
Sub-Himélayan hills, presenting a scarped face to the plains and a 
long slope towards the interior valley. These duns, or at least the 
flat longitudinal valleys which are the typical duns, are thus struc- 
tural features, not mere valleys of denudation ; they rest upon the 
comparatively little disturbed strata in the hollow of the synclinal 
flexure. The range separating the dun from the plains is formed by 
the anticlinal, the steep (outer) limb of which is generally broken 
up and denuded away, hence the south face of the range presents 
the scarped outcrop of the beds on the north side of the axis of 
flexure. 


In the inner ranges, where the disturbing action was greater, 
The Nin under Mus- the normal flexure often becomes folded, 
sooree. with, of course, inversion of the strata. There 
is an instance of this fairly seen in the Nun stream under Mussooree : 
below the narrow gorge, through massive sandstones having a steep 
northerly underlie, there is a continuous section in the low banks 
showing the sandstone becoming pebbly, then interbedded with thin 
conglomerates, then with thicker and coarser beds, all having the 
same high northerly dip. This is undoubtedly an ascending section 
though apparently, according to the dip, it is a descending one, t.¢., 
the whole series is inverted. To any one who has understood these 
simple explanations, it will be apparent that if these conglomerates 
are upper Siwalik, and unless there is a fault somewhere about the 
mouth of the Nun gorge, the inner Sub-Himalayan range under 
Mussooree must be in great part made up of middle Siwalik, and 
not of Nahan beds ; and indeed their character would support that 
view. If these conglomerates of the Nun are not upper Siwalik 
they would form a new sub-division of the Nahan group, which 
could then hardly be classed as lower Siwdlik. Similar conglomer- 
ates have lately been observed in this inner Sub-Himflayan zone 
east of Naini Tal. It is however to be remarked that these folded 
flexures often are attended by great faulting, on such a scale that all 
appearance of flexure is lost and we only find a section of upper 
Siwaliks dipping against, and apparently passing under, beds of the 
Nahan type. There are several grand instances of such faults in the 
broad area of Sub-Himalayan rocks beyond the Satlaj in the Kangra 
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region and on through the Jamu hills. They run quite straight 
or in very open curves for several scores of miles, and as the dislo- 
cation lessens, the unfaulted flexure is gradually disclosed. The 
seetion in the Nun shows us that to the east as well as to the west 
flexures may take the place of the peculiar unconformable overlap- 
ping boundary between the upper and lower Siwdliks described in 
the Na&han region, where there is no dun. The difference of struc- 
ture would be such as might result from the presence of some 
unyielding mass of rock underground in this latter position, prevent- 
ing the formation of flexures. This N&han region is in other ways 
remarkable, as we shall see in following sections. 


The form of the structural features prevailing in the Sub-Himé- 
Jayan zone indicates plainly a thrust from the adjoining mountain 
mass ; and the magnitude of the total movement is astonishing in 
connection with the reflection made in a previous section, that it 
must in great part have occurred since the mountain mass had 
assumed somewhat of its present form ; or, at least, that the main 
drainage system had remained the same throughout. 


From what has already been said, a general idea might be formed 
Distribution of Siwalik Of the distribution of the different groups of 
rocks. the Siwalik series ; but the effects of denu- 
dation and other influences remain to be indicated. The chief 
expanse of the Sub-Himalayan hills and rocks is beyond the Satlaj. 
From about Pinjor, the lower Himalayan ranges trend northwards 
towards the lofty gneissic ridge of the Dhauladhar, overlooking the 
Kangra Dun. The outer range of the Sub-Himalayan is not affected 
by this change of direction, so that the zone of tertiary rocks becomes 
permanently widened to about three times the breadth it exhibits 
along the whole mountain range to the east. In the Kangra region 
there is a succession of three duns occupied by conglomerates, separated 
by ridges of sandstone brought up along great faults. To as far as 
the Ganges the upper Siwaliks are still well represented in the outer 
hills ; but east of this river, along the whole of Rohilkhand, only 
remnants of these outer Siwaliks have been observed. They seem to 
have been mostly denuded away, and one comes at once upon the 
older sandstones of the ranges immediately flanking the high moun- 
tains. This is the case under Naini Té]. The change, however, is 
not a permanent one ; for, again, far to the east, on the road to 
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Kéthméndu, there is a broad outer Siwalik range, formed of soft 
sandstones and conglomerates, and separated by a dun from an 
inner zone of lower sandstones. But, again, along the Sikkim 
end Bhutan border, there is no sign of the outer Sub-Himélayan 


range. 


It has been said above that the uppermost Siwalik strata are 
considered to be of newer pliocene age, and 
we have seen modern deposits being laid 
down against them along the base of the hills in the badbar region. 
{n these a fossil village was dug out by Colonel Cantley in the 
excavations for the Eastern Jumna Canal. They no doubt passed 
down into beds of the prehistorical or recent period. Still there 
would be a great gap left in the sequence of formations—the whole 
of the pleistocene period, represented in Europe by the drift, and 
the cave deposits, which for years past attracted so much attention 
in connection with the discovery of human remains. For some 
middle portion of that period representatives are found in the Sub- 
Himalayan zone. They are unmistakably exposed on the Satlaj, 
above Bubhor, where the hills on either side of the river, to a height 
of some 500 feet, are capped by clays and coarse conglomerates, 
resting quite undisturbed on the edges of vertical Siwalik strata, 
both of the middle and uppermost groups. It is clear that a long 
time of disturbance and denudation must have intervened between 
the deposition of those totally unconformable deposits ; also that 
those high-level conglomerates are separated from recent deposits 
by at least the time it has taken the Satlaj to excavate its gorge to 
its present depth. These two limiting tests of age are quite as co- 
gent as those applied to corresponding deposits in Europe. Beds of 
the same age are well exposed above the sanction already described 
in the Nun river under Mussooree. They are here quite on a level 
with the summits of the Siwalik hills to south of the Dehra 
Dun. 

The most interesting deposits of thie age are those to which a 
glacial origin has been assigned. It was long 
since observed that the glaciers of the 
Himélaya had once extended to a much lower level than they do 
now. Unmistakable moraines are found in Sikkim to within 8,000 
feet of the sea level, the present limit of glaciers being about 14,000 
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Supposed glacial deposits. 
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feet. More recently a glacial deposit has been described in the 
Kangra valley. Enormous blocks of gneiss are freely scattered in 
the low ground, at an elevation of 2,500 to 3,000 feet, along the 
whole base of the Dhuuladhér range, resting on the Siwélik strata. 
One cannot well assign a limit to the mass that may be moved by 
a rush of water on a considerable slope ; but the distribution of 
these blocks makes it very difficult to account for them by any 
action of this kind through the existing gorges ; for they occur 
along the slope of the flanking ridges, seemingly quite out of reach 
of any possible sweep of the torrents. They are three possible 
assumptions to account for their position: by supposing the scarp 
of the gneiss now forming the mountain-ridge to have once extended 
a couple of miles in advance of where it is now, and so as to bring 
those blocks within the range of its talus, but in this case the blocks 
should be found over the intermediate heights, which is not the case; 
or to admit that the blocks were ice-borne, and not by glaciers, for 
the blocks are not arranged in moraine fashion, but by floating ice 
in a lake of that périod ; or to suppose that the whole valley and 
the main gorges were formerly choked up with detrital accumulations 
to such a level as may have brought these lateral positicns within 
the range of the spill from the gorges, ever overtopping the lower 
flanking hills. This is by no means a gratuitous supposition, for we 
find those coarse superficial deposits capping the heights above 
Kangra fort, on the south of the valley, and not derivable from the 
Siwalik conglomerates on which they rest. The necessary slope of 
deposition for such materials, from this position to the mountain 
range, would give elevation enough there for any observed distribu- 
tion of the great blocks, by simple diluvial action. This is probably 
the real history of the case ; but the possible influence of ice action 
to aid the process is not to be lost sight of. When the Himélayan 
glaciers reached to 8,000 feet lower than at present, ice-work must 
have been very active in the Dhauladhér, and its effects very mark- 
ed in the deposits at the base of the range. All the facts suggest 
that those high-level gravels are of the same age throughout the 
Himalayan border, and probably of the same age as the former 
extension of glacial action ; and it is impossible not to notice the near 
coincidence of this age with that of the glacial period of Europe. 
There is no independent evidence of changes of level since the age 
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of these deposits ; and it is doubtful how far mere difference of rain- 
fall could count for the change ; we should thus be driven to enter- 
tain the idea of an ice-age. 

The coufirmation of this physical evidence of a great phenome- 
non having affected synchronously so large 
a portion vf the earth’s surface would be of 
the highest importance to geological science. Since the abandon- 
ment of the primitive idea that all similar rocks were of contem- 
poraneous origin, we have been at a loss for any test of absolute 
time-horizons. Within continucus land areas some approach to a 
judgment can be made Ly closely comparing series of adjoining 
sections, but for any distant >- detached area we have to trust to 
palzontology for the hnietaxis, or comparative classification, of 
formations. Palzontcivgical homotaxis, however, implies differ- 
ence as well as correspondence in actual time relations ; and the 
problem of settline. from fossil evidence only, in which direction 
the difference siuuid be counted, is an exceedingly complex under- 
taking. Thus paleontuogy itself was the chief sufferer by the 
natural limitation of age-tests for the stratigraphical foundation 
upon which it was based, and of which it is as yct far from being 
independent. And as the history of life upon the globe is the 
object of the highest interest in geology, the check to progress was a 
very serious one. The occurrence of even one semi-universal - 
phenomenon, leaving such peculiar and well-marked stratigraphi- 
cal characters as those of an ice-period, would afford an invalu- 
able test whereby to check the direction of growth and distribution 
of organic forms in all the formations nearly connected therewith. 

The change from the Sub-Himdlayan hills to the outer region 

The lower Himélayan Of ‘the mountains is always, as has been 
region. shown, a more marked feature than the 
mere difference of height would suggest. The hills of the Nahan 
zone range from 3,000 to nearly 5,000 feet, whiie the summits of 
the adjoining mountain-ridge vary from 6,000 to 8,000. From 
this to the great snowy range there lies a tract more than fifty miles 
wide, of deep valleys and narrow ridges, the average elevation of 
which would be scarcely over that of the border-zone of mountains. 
This is the region appropriately known as the lower or outer 
Himdlaya. The ntain watershed of this broad tract of mountains lies 
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well to the north of the line of snowy peaks, and the great rivers 
traverse the lower hills in very tortuous courses. The configuration 
stamped upon the area by the denudation trom rain and rivers gives 
very little clue to the rock-struoture. Although the general strike of 
the formations is parallel to that of the range, the composition of the 
strata is too complex, and the cases of local distortion too frequent, 
to admit of anyching like the regularity of feature that has been 
described in the Sub-Himalayan zone. One character may, how- 
ever, be noticed as constant throughout the western part of the lower 
Himalaya to as far east as the Nepal frontier : along the outermost 
zone there occurs a strong limestone formation, producing ridges of 
more rugged outline and having a greater elevation than the hills 
for some distance to the north of it. Our knowledge of this 
immense stretch of mountains is so fragmentary that no connected 
account can be given of it. We can only give a sketch of the four 
sections that have been even cursorily observed, and offer some 
conjectures as to their connection. The four sections occur in the 
Simla region, the Kumaon region, Nepal and Sikkim. 


The first thing to note of the Simla region is that it constitutes 
the termination of the Lower Himalaya as 
characterised above. In describing the 
Sub-Himdlayan zone it was noted how from about Pinjor (on the 
main road to Simla) the boundary of the mountains trended round 
to the north for about eighty miles, up to the base of the Dhaula- 
dhar ridge, which is exactly on the line of the great snowy range, 
and is structurally its equivalent. Thus, of course, the continuous 
broad area of lower mountains is cut off. It is important to notice 
that this is nota freak of denudation, a great bay worn into the 
mountains by a tertiary sea: were this the case, we should find the 
successive formations of the area striking out along that curve and 
abruptly cut off there. The fact is not so. The strike of the rocks 
bends regularly with the direction of the boundary, thus showing 
that the entire feature is an original character of the mountain- 
structure. We have here, in the extinction of the Outer Himé- 
layan region, the beginning of the north-westerly decrease of the 
Himélayan elevation. The mountains beyond the Ravi, which, 
in a superficial sense—as being south of the range of maximum 
eleyation—might be held to represent the Lower Himélaya, do not 
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reproduce its characters. Kashmir has structurally more relation 
to the Central Himflaya than to anything south of the snowy range. 
This fact of diminishing original elevation comes out very clearly in 
the peculiar distribution of some of the formations that occur in the 
Bimla region. These have been roughly classified as below :— 


Kasauli. 
Sirmur... J Dag. 
Subaéthu (nummulitic). 

Krol (? triassic). 

Infra-Krol. 

Blaini. 

Infra-Blaini. 

Schists and gneiss. 
The marked change in the surface configuration from the Sub- 
Himalayan to the Lower Himalayan hills 
introduces for the most part a total change 
of rocks. Below Mussooree and Naini Tal, and throughout the 
whole range to eastward, one steps at once and for good from the 
upper tertiary sandstone to the much older slaty rocks. It is not 
so, however, in the region between the Jumna and the Satlaj. 
The high ridge on which stand the stations of Kasauli and Dagshai 
is formed of rocks very similar in character to those of the Né&han 
zone close by ; but the marked boundary separating them is con- 
tinuous with that forming to the east the separation of the Nahan 
from the slates. Indeed even here, under Kasauli, the slates often 
appear along the boundary beneath the sandstones of the ridge, 
which have been upheaved upon a basement of their supporting 
rock. Resting upon the slates in this position we find thick beds 
of dull brown, gray, and olive indurated clays with bands of lime- 
stone, in which there occur abundantly fossils characteristic of the 
nummulitic period. These beds are well seen about Subathu. 
They are overlaid conformably and with alternating transition by 
red clays with hard purple and gray sandstone, well seen about 
Dagshéi. In the ascending section sandstone prevails to the 
exclusion of the red clays, as is well seen on the ridge at Kasauli. 
In these top beds numerous leaves have been found indicating 
the proximity of an abundant sub-tropical vegetation. The 
aggregate thickness of this threefold formation (Subéthu, Dagshai, 


The Sirmur formation. 
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and Kasauli) may be from 2,000 to 3,000 feet. Collectively it 
may be known as the Sirmur series, a considerable part of ita area 
occurring within that State. 

Here, then, at last we have a formation the horizon of which is 
fixed by a well-marked marine fauna. The 
Subathu group at the base of thie series is 
certainly eocene ; and considering the perfectly transitional charac- 
ter of the three groups, we may provisionally consider the whole 
series to be of this age. The study of its position and relations seems 
to throw much light upon the history of the mountain-system. It 
forms an almost isolated outlier, caught up on the edge of the moun- 
tain-area. Its greatest width, east of Dagshai, is about ten miles. 
In that direction it stops out along the crest of a ridge at about 
fifteen miles west of the Jumna ; the mode of termination show- 
ing that it was effected simply by greater elevation to the east, 
and consequent denudation. The only other known occurrence of 
these rocks within the south Himalayan boundary to eastwards is 
a small patch of Subathu beds on the top of the ridge east of 
the Ganges close to the village of Bon in Garhwal. In the far 
east, however, the nummulitic deposits at the south base of the 
Géro hills have a very striking resemblance to the Subdthu beds ; 
but it is doubtful if they were ever connected. To the west, 
at the Satlaj, the outlicr is attenuated to a band a few yards 
wide—a bottom remnant of the Subathu beds. These rocks again 
appear in some force in the ridge beyond, but become gradually 
depressed in that dircction, so that hefore reaching the Biks 
the most characteristic bottom group has disappeared. The band 
as represented by the upper groups is well marked, though very 
narrow, at the Ravi. The hill station of Dharmséla stands upon it. 

Some points of interest have been made out regarding the rela- 

tte uncomformity to the tions between the Sirmur series and the 
older rocks. contiguous older formations. There is very 
deep unconformity : the Subathu beds do not rest upon the next 
youngest rock, which is the great Krol limestone, but upon beds 
which underlie that limestone. This is fully made out. As a 
natural concomitant, we find that the surface of contact of the two 
contrasting formations is a very uneven one. On the ridge at 
Subathu there are not more than 50 feet of the typical Subathe 


Ite distribution. 
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beds below the red rocks ; while in the valley alongside there must 
be 600 to 800 feet of this bottom group. These facts suggest 
proximity to the edge of deposition of the nummulitic sea ; and the 
succeeding deposits, ending in the plant-beds of the Kasauli zone 
tend to confirm the view. 


It seems, too, that little or none of the contortion which now 
Contortion of the slates affects all the rocks had occured before the 
Poshseovene: deposition of the Subaéthu beds ; for at 
Subathu itself a characteristic bottom layer is clearly seen, resting 
continuously throughout a considerable synclinal flexure upon 
approximately the same bed of the supporting slates. In agree- 
ment with this observation, we now find these rocks to have 
undergone equal contortion with the slates. The inner boundary 
of the eocene area is a very broken one; and outlying shreds 
of the nummulitic clays are found caught up in folds of the 
slates, as may be seen on the road north of the Haripur rest- 
house. 

All these facts would tend to prove that although some general 
elevation of the mountain area, involving 
deep denudation of the rocks, had occurred 
here prior to the tertiary period, none of the special disturbance 
characteristic of the existing mountain-system, and so specially 
marked in this fringing zone, took place till after the deposi- 
tion of the eocene rocks. The Sirmur series exhibits more intense 
and varied disturbance than is at all general in the Nahan group. 


Inferences. 


The relation of the Sirmur to the Néhan group cannot be so 
Relation of Sirmur and definitely made out, as they are only seen 
Biwélik series. near each other along a single steep line of 
boundary ; and the question is, as to the nature of this boundary. 
The argument for the total separation of the groups in this region 
appears, however, to be pretty conclusive. Although, as has been 
said, the rocks of the upper Sirmur groups have a strong lithologi- 
cal resemblance to those of the Nahan group—so much so that the 
type of the Sub-Himalayan deposits may be said to have set in 
with the eocenes—the facies of the Nabhan and Sirmur groups are so 
distinct, in close proximity, that there is little ground for consider- 
ing any parts of them, as represented in this Jumna-Satlaj region, 
to be equivalent. It is only on the supposition of the boundary 
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between the areas (which is also the chief boundary along the 
base of the mountains) being a great fault, that the question of 
correspondence can arise at all. But as this supposition is the 
primé facie one—the one that would be applied from the accepted 
interpretation of like boundaries in other mountain regions—it is 
necessary to state the evidence against it. 


Throughout the whole range of the Nahan zone in this region 
no trace of the very characteristic Subéthu 
beds has been found, either at the apparent 
local base of the section, or as a remnant adhering along the sup- 
posed fault-ground. In the former position it might be said we 
should be more likely to find the top rocks of the older group ; but 
this too can be answered negatively : the lower we get in the Néhan 
group, we find clays to occur more frequently, whereas the Kasauli 
beds are almost exclusively sandstones. It is also to be noted that 
no remnant of the Néhan rocks has been recognised capping the 
Kasauli beds, or otherwise, within the eocene area. No conglome- 
rate has been observed in the Sirmur group. The only position 
from which the original continuity of the groups, with separation 
by faulting, could be maintained, would be to assert that, as the 
actual base of the Nahan group has never been seen in this region, 
thc whole eocene group may be buried beneath it in conformable 
sequence, or’ otherwise ; and correspondingly, that any trace of the 
Néhan deposits had been washed away from the present eocene 
area. So much for the direct evidence. As to the indirect, there 
is really little, except the fact of abruptness, in the character of 
the boundary. itself to countenance the supposition of a great 
fault. A straight line drawn from the west end of the eocene area 
in Sirmur to the small nummulitic outlier east of the Ganges 
would touch the Siwalik hills south of Dehra ; and along the great 
bay-like course of the boundary, north of that line, there are 
many sharp changes of direction, such as are not supposed to be 
compatible with dislocations of such dimensions as would be 
required in this case. The great faults in the Sub-Himdlayan zone 
were seen to be remarkably straight. The alternative and most 
probable supposition is that the eocene area was upraised, and 
something approaching to the present steep edge of contact eroded 
out of it, before the deposition of the Na&han rocks. 


Probable unconformity. 
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It is, however, to be mentioned that far to the north-west 
Change of character to there is complete transition throughout the 
the north-west. tertiary series, from the Subéthu to the top 
Siwalik. The partial obliteration of the Sirmur series, as forming 
a sharply defined zone at the base of the mountains, commences 
at some fifty miles beyond the Ravi about Udampur. The zone 
is there more than twenty miles broad, and rocks of Siwélik aspect 
occur within it. Still as a zone of greater upheaval it is traceable to 
beyond the Punch; but before reaching the Jhilam it is quite 
effaced, the whole tertiary series sweeping across it in an anticlinal 
flexure. These facts do not in the least disturb our conclusions 
regarding the relation of the lower and upper tertiary series in the 
Lower Himalayan region. They only form part of the concurrent 
evidence that towards the middle of the Himélayan system the 
elevation was greater, and commenced earlier than in the terminal 
region. The same fact is emphatically shown in the comparative 
relation of the Sirmurs to the older rocks in these two positions. 
In this case there can be no doubt of the deep unconformity in 
the Simla region—a relation of the same kind as that here 
adopted for the Sirmur-Néhan relation in the same area. But this 
feature too is quite changed to the north-west : in the great inliers 
of old limestone that occur within the tertiary area of the Jamu 
hills, the Sub&thu group, with the same characteristic bottom- 
bed as noticed at SubAthu, is‘everywhere observed in parallel (con- 
formable) superposition with the old limestone. It is not in- 
deed proven that this rock represents the Krol formation ; never- 
theless, the contrast of the stratigraphical relation is most striking. 


We have again to refer to the Jumna-Satlaj ground for the 
Older rocks of the Simla best sections of the next older rocks to the 
region. eocene. The peculiarities of this region 
come out stronger as we recede in time. Its character in the 
plains, as the present main watershed of Hindustan, is really its 
least permanent feature: there is some reason to think that the 
Jumna once upon a time may have flowed towards the Indus 
through western Rajputina. It can certainly be affirmed that 
such a course was within the range of the diluvial conditions that 
formerly obtained in upper India. The peculiar unconformity 
found in this position between the upper tertiary rocks is not, 
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like the plains’ watershed, accidental or temporary, but structural. 
In the well-preserved sections of the Sirmur group we found in this 
region the only representative of the eocene period within the 
Southern Himalaya ; and again here we find the best preserved 
remains of the older formations. This ground too has been examined 
in more detail, so it will serve as a standard of comparison. 

The Solan rest-house on the new road to Simla stands between 
three picturesque mountains of limestone, 
more or less isolated in each case upon a 
base of supporting rock. It is a blue gray stone, several hundred 
feet in thickness. From its position here we are safe in taking 
it as the youngest group of the series with which it is connected. 
It has now for some years been spoken of as the Krol limestone. 
There is often a band of coarse sandstone at, the base of it, which 
seems to vary a good deal in thickness, often at the expense of the 
limestone. Below this there is well exposed in this neighbourhood 
a thick band of black carbonaceous slaty shales, which pass down 
into similar non-carbonaceous flaggy beds, forming the whole base 
of the mountains in this zone, down to the lowest levels. Ata 
thousand feet or more from the base of the Krol limestone there 
occurs in those slaty flags a thin band of compact limestone of 
clear pink, yellow, or gray tints, often accompanied by a bed of 
conglomerate, and a white quartzite. This band, though a thin one, 
seems to be very persistent to great distances; it is therefore 
important as a well-marked horizon. It has been identified on the 
flanks of the hills under Simla; far up the valley of the Tons, at 
the crossing of the Simla-Mussooree road; on the Ganges near 
Tapuban, and again on the hillside north of the Kota Din in 
Kumaon. It is called the Blaini group. The Krol group is traceable 
eastwards almost continuously, and in about the same condition as 
at the Krol, through Deoban in Jaunsar to Mussooree and Naini T4l. 

From certain lithological resemblances to the rocks in Spiti, 
which he had classified from fossil evidence, 
Dr. Stolickza has conjectured that the Blaini 
and infra-Blaini beds may correspond with members of his Muth 
and Bhabe series, of upper and lower silurian age; that the Krol 
group represents his Lilang series, which is triassic ; and that 
the infra-Krol may correspond with his Kuling series of the 


Standard section. 


Conjectured affinities. 
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earboniferous period, in the central Himalaya. But no recognizable 
fossil has yet been found in these rocks in the lower Himdlayan 
region. 

The relation of this series, which forms so continuously the 
outermost zone of the lower Himélaya, to 
the metamorphic rocks on the north is very 
puzzling, yet essential to the explanation of the mountain structure. 
Some important hints towards it are found in the Simla region. 
Unless one chances to stumble upon an outcrop of the Blaini group, 
the flaggy slates of the infra-Krol and infra-Blaini horizons are 
indistinguishable. Immediately north of the Krol there is a com- 
pressed anticlinal flexure, with élevation to the north of it ; so that 
the slaty rocks occupy the whole ground till we reach the quartzites 
of Tara Devi and Boileauganj, which dip towards their common 
synclinal axis at the gap south of Simla : limestone occurs above 
them on Jatog. These may represent the Krol group. However 
this may be, there can be no doubt about the identification of the 
Blaini group on the spur under the Yarrows and under Chota Simla, 
on the opposite sides of Jako. The thickness of strata above these 
outcrops, to the top of Jako, would quite carry the section up to the 
base of the Krol group. 

An interesting feature of the section is that the rocks of 

oe the Jako and Boileauganj hills are highly 

Typical instance of over- : . : . 
lving metamorphism at metamorphic—mica-schists and garnetiferous 
Simla. hornblende-schists with abundance of vein- 
quartz—while the flaggy slates above and below the Blaini group, 
all round the west, north and east base of the hill, are as little meta- 
morphic as on the base of the Krol. This is a crucial instance of 
a phenomenon that meets us far and wide throughout the Himélaya, 
the superposition of highly metamorphic upon non-metamorphic 
strata. The metamorphism is often apparently greater than here— 
we find gneiss instead of crystalline schists at top—while the case 
for superposition is less distinct ; so that it is possible to doubt the 
fact of its being a normal ascending section ; and accordingly this 
has always been a chief stumbling-block in the interpretation of 
the lower Himalayan sections. It is the feature that so fatally 
puzzled Herbert fifty yearsago. We shall have to return to the sub- 
ject presently, and would only remark here that the very instructive 
18 


Extension to Simla. 
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instance we have just seen ocours in a much frequented position, 
where many English people pass many idle hours. 


The same flaggy slates seem to continue for a long way north of 
Bectionalong ridgenorth Simla, for the most part with a moderate 
of Simla. north-easterly inclination. There are several 
lines of crush and strain, generally found at the gaps, but apparently 
unattended by great dislocation, for no new rock appears along these 
lines. The Blaini group has been identified on the ridge north of 
Theog bringing in the Krol beds towards Matiani, where there are 
symptoms of gradual general metamorphism. At Nigkanda this 
change is very decided, and here those slaty schists seem to pass 
into the flanks of Hata, the top of which is formed of massive beds 
of gneiss, lying nearly horizontally. This rock is the same as the 
so-called central gneiss forming the southern basement of the great 
snowy range, where its chief characteristic seems to be the preva- 
lence in it of ramifying veins of albite-granite. These observations 
have suggested that the Krol beds had here overlapped the slate 
series, and are in original contact with the gneiss. 


We have now seen a general section up to the great mountain 
Parallel section in the Yange. It is taken for the most part along 
Batiaj valley. the watershed in a north-east-by-east direc- 
tion from Simla. The apparent simplicity of it is very encourag- 
ing ; but we have not far to go to dispel this illusion. It may be 
noted that no limestone appears on this section beyond Simla. The 
Shali mountain, however, only a few miles to the west of Matiani, 
is made of strong limestone, not unlike the Krol rock, with an 
accompanying sandstone, and underlaid by flaggy slates like those 
about Simla. If they are the same, and indeed in any case, their 
position is somewhat puzzling, for from Shali they dip eastwards 
under the schists of Mati4ni and northwards down to the Satlaj, 
where the limestone seems to pass under the gneiss of the Jalori 
ridge. Itis not merely a case of dipping towards these metamor- 
phic rocks ; the V-shaped outcrop of the junction along the steep 
sides of the Satlaj gorge points up the valley, and is more or less 
parallel to the dip of the strata in both rocks.. In the Satlaj valley 
above ‘and below Suni, close to the north of Simla, the confusion of 
the limestones and slates is indescribable ; and there is profuse trap- 
pean intrusion : whereas, on the whole section through Simla, from 
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the plains to N&gkanda, only ene small dyke has been observed. The 
wbsence of fossils in these limestone and slate rocks makes it almost 
impossible to settle their stratigraphical relations with any certainty." 


The distribution of these limestones and slates is as irregular to 

: the east as to the north of Simla. The Chor 

eT mountain—directly between Simla and Mus- 
sooree, and remarkable for being the highest summit (12,000 feet) 
occurring within such a short distance of the plains—is an isolated 
mass of gneiss. To east of it the limestone stretches again far into 
the mountains, along the valley of the Tons, forming Deoban hill ; 
along the Mussooree ridge it occurs frequently, as on the Abbey and 
Camel’s-back hills. On the top of Landaur it is mixed with sandstones, 
and appears again by itself on the Tapuban point. The Blaini lime- 
stone and conglomerate are well seen on the flanks of the Sarkanda 
summit, and again in the Ganges at the confluence with the Hiunalgér. 


In the Kumaon section we still find the limestone and slate rocks 
fairly represented. The ridge of Naini Tal 
is a broad synclinal range, with many local 
fractures and contortions, like its type the Krol range. The strong 
limestone that forms the summits about the lake is very like the Krol 
rock. Here, however, aiid also at Mussooree, there is a good deal of 
trappean intrusion. In the Syamkhet valley, north of Naini Tal, 
trap-rock is in great force, and immediately to the north we come 
upon crystalline schists. Along the heights of Sunthala and Gagar 
these are gneissose. The dip throughout is at a moderate angle to 
north-north-cast, and about Almora one or more bands of granitoid 
gneiss occur in these rocks. Its general mode of appearance is that 
of interstratification with the schists ; but in one place it has been 
described as intrusive, which would establish its character as a true 
granite. North of this, for some way, there is a reversal of the dip 
to south-south-west up to a line of trappean intrusion, which has been 

traced for many miles along the strike. The rocks to the north of 
this band are of a more varied character ; some are slaty ; and lime~ 

stone is of frequent occurrence, often steatitic in the vicinity of the 

trap. The dip is less constant in these rocks, and their relation to 

the crystalline schists of the snowy range is not well defined. 


‘Much detail with suggestive conjectures reganiing this region is given in 
Memoirs of the Geological Survey of India. Vol. IIl.. Part 2. 


The Kumaon section. 
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Where we next get a section of the lower Himalaya through the 
Nepal valley, there is little outward resemb- 
lance to what we have seen to the west. 
The Churia Ghati range, between the plains and the Etounra Dun, 
is a pattern specimen of the Siw4lik type. North of the Dun there 
is an equally characteristic representative of the Nahan range flank- 
ing the mountains. But inside this we no longer find the border 
mountain-range of slaty rocks capped by plain blue limestone that 
is so constant to the west of the Kali. We come at once upon 
schistose rocks. These, however, are not mica schists of the ordinary 
type, such as those north of Naini Tél. First there are earthy (slaty) 
schists, some quite black and with carbonaceous layers ; then flaggy 
quartzose schists, passing up into strong schistose quartzites ; and 
these are succeeded by a great mass of dense highly crystalline white 
limestone within three miles from the Nahan boundary. All are 
more or less vertical and folded with a prevailing northerly underlie, 
the strike being 15° south of east. Beyond this steep ascending 
section there is a broad band of still greater disturbance, apparently 
a synclinal ; for the limestone is variously repeated, and the under- 
lying rocks brought in again. It would seem to be followed in the 
Chessa-garhi ridge by a crushed anticlinal, about the axis of which 
there are thick bands of porphyritic gneiss associated with flaggy 
quartzites. From here there is again a general ascending section 
through similar flaggy quartzitic schists to the Chandragiri range, 
bounding Nepél on the south-south-west. This ridge and all those 
to west-north-west and east-south-east of the valley are made of 
folded repetitions of one set of rocks, in which a calcareous element 
is more or less prevalent ; varying from strong beds of pure limestone 
to earthy schistose limestone, and prominently a thickly bedded fine- 
grained quartzite, with scanty calcareous bond. The Shiupuri ridge, on 
the north-north-east of the valley, is of massive gneiss ; schists appear- 
ing again to the north in the valley of the Tadi and the Trisul Ganga. 


There is sufficient. resemblance in the two bands of limestone and 


the underlying flaggy quartzites of this sec- 
tion to suggest that they are repetitions of the 
same geries ; and this has certain characters of resemblance tothe rock- 
series at the Krol, which admit of our conjecturing their identity. 
The whole of this Nepal section exhibits an intensity of disturbance 


The Nepél section. 


Possible affinicies, 
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throughout, such as has not been observed in any other section of the 
lower Himalaya. Only one instance of a doubtful trap-rock has been 
noticed in the above section, in the schists near the outer boundary. 


We have one more section of the lower Himalaya to take note 
Sikkim section : of, far to the east, in Sikkim, and still more 
Damuca formation. unlike than that in Nepél to the sections of 
the north-west Himalaya. It is of the highest interest, because we 
find here in a recognizable state a formation well known to us 
in the peninsula of India, thus establishing almost the only link 
between these separate geological provinces. There are, indeed, the 
nummulitic deposits resting against the edges of the Deccan trap at 
the base of the western ghfts to compare with the nummulitics of 
Subathu, and showing that the Himalayas are younger than the 
Deccan plateau. But this is a comparatively superficial connexion ; 
whereas in Sikkim we find a bottom formation of one of the great 
rock-series of the peninsula, intimately connected with the rock 
forming the mountains. It is now thirty-one years since Dr. Hooker 
discovered Damuda fossils near Pankabéri, at the foot of the Dar- 
jeeling hills ; but it was only in 1874 that an examination of the 
mode of occurrence of the rocks was made by Mr. F. R. Mallet, of 
the Geological Survey, who was sent to investigate the prospect of 
a useful coal being found. He traced the band of Damuda rocks 
from Pankabari to Dalimkot ; at the Pista it is nearly a mile in 
width. In the western Dufrs it does not occur, but on or ahout its 
horizon there is a new formation, not found in Sikkim, consisting 
largely of massive dolomite, and called by Mr. Mallet the Buxa 
series. In 1875, Major Godwin-Austen, who accompanied the 
expedition into the Daphla hills, found the Damudas again in force 
at the base of the mountains in Upper Asim, the Buxa series being 
there wanting. It is, of course, possible that the Damudas may 
recur to the west also, in Nepal, though they do not appear at the 
Sikkim end of the frontier, and certainly they are not specifically 
represented in the section through Kathmandu. 
Lithologically as well as by fossils the formation resembles its 
Its condition and posi: prototype in the Damuda valley, consisting 
tion. of strong sandstones, gray shales, and coal 
seams. In some few spots the rocks are so little altered that the 
resemblance is complete, the coal itself being the only rock that has 
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not escaped modification. It is always crushed to powder, and could 
only be utilized by being made into bricks. Very often, however, 
the whole group is as much altered as the contiguous rocks to the 
north, the sandstones being converted into foliated quartzites, and 
the shales into splintery slates or carbonaceous schists. The impor- 
tant point to settle is the stratigraphical relation of the group to the 
other rocks of the mountains. These are, first, a zone of slate rocks, 
some greenish and slightly unctuous, some ordinary clay state with 
bands of flaggy quartzite, rarely hornblendic and calcareous, and also 
rarely carbonaceous. These form the Daling series of Mr. Mallet. 
Next comes the gneiss of the upper hills : it is distinguished as the 
Darjeeling gneiss. The dip in all these rocks is into the mountain, 
and hence the immediate inference that they underlie each cther in 
the above order. Here, then, we find again an instance of the puzzle 
noticed in the section at Simla, and on which Herbert made ship- 
wreck. Mr Mallet was unable to find any escape from the position ; 
the Duling beds pass most regularly with parallel interstratification 
into the gneiss by increase of metamorphism, appearing underneath 
it all up the gorges of the Tista and the Ranjit to the north of Dar- 
jeeling, but in a more altered condition. Also he found in several 
clear sections most completely conformable and transitional junction 
between the Daling and the Damuda beds. Their junction forms a 
re-entering angle up the Tista valley ; the Damudas, however, 
are not known to rise to the surface again in the interior of the 
mountains. The conviction was forced upon him that they are 
indeed what they appear to be,—the lowest and oldest rocks of the 
Himal:yan series in this position. 
Yet so great is the prepossession in favour of gneiss as neccssa- 
Theoretical considera. ily a fundamental rock, that doubt still pre- 
tions. vails amongst those who have not seen for 
themselves. It may then be well to mention some independent con- 
siderations which tend to remove this obstruction to the rationale of 
Himalayan geology. It has long since been shown experimentally 
that the silicious minerals entering into the composition of crystal- 
line rocks can, through the medium of moisture, be produced 
und.2r very moderate temperature and pressure ; and, hence, that the 
hydro-metamorphism to which gneiss and even granite were due 
need not be a very plutonic operation. Also it can be urged that 
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although when gneiss occurs extensively on the flut, we may be 
entitled to regard it as a fundamental rock, due to such hypogene 
action as would require any underlying rock to exhibit as great a 
degree of metamorphism as itself, yet when we come to mountain 
formation the case is very differert. Here a special concentration 
of forces has manifestly occurred which may be adequate to the pro- 
duction of this apparently anomalous result. In a recent and very 
thorough discussion of this branch of geological dynamics we find a 
direct explanation of our difficulty ; that if a mixed mass of strata 
were subjected to compression, those portions which by position or 
texture were least capable of yielding, whether by shrinkage or con- 
tortion, would have to bear the brunt of the pressure, and to undergo 
in some other form its effects, prominently in the development of in- 
ternal heat.!_ In some such way overlying massive strata may have 
been converted into gneiss, while softer beds below underwent no 
crystalline metamorphism. If it should be shown, as in the Simla 
region, that the Darjeeling gneiss is the same as the central gneiss, the 
above interpretation of the Sikkim section would have to be abandoned. 


Geologists in India have been long on the look-out for a connect- 
Blight correspondence ing link between the rocks of the Peninsula 
Hindsyeund ot the Pe and ofthe Himalaya. Somany of the forma- 
ninsula, tions in the former region are unfossiliferous, 
it was hoped that some clue to their homotaxis might be obtained 
through their representatives in adjoining regions ; and although 
the elevation of those mountains may have occurred in tertiary times, 
the -ocks so upraised might, of course, be of any age. Thus this 
discovery of the Damudas, as apparently the oldest formation in the 
Lower Himalaya, at least in the east, comes rather as a surprise. 
Although the Damuda series is, according to the most recent estimate 
of its fossils, of lower mesozoic age, its appearance in the field 
amongst other Indian formations is one of comparative youthfulness. 
It is, for instance, immensely younger than the great Vindhyan 
formation, which cover such large areas in undisturbed stratification, 
but in which as yet no trace of life has been observed, and below 
which there are several groups of slaty and sub-metamorphic rocks 
before we come to the fandamental gneiss of the region. However, 
in these matters, what is, is best; the object being to know what 
1 See R. Mallet on Volcanic Energy, Phil. Trans., Vol, CLXIII., page 147, 
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really has occurred. If the Himalayan sections would reflect to 
the geology of the Peninsula some light in return tor that it has 
now received therefrom, by clearing up the doubts that still exist 
about the age of the Damuda formation, it is all we could expect. 


There is but one character found almost constantly throughout 
Frequent occurrence of the Lower Himalayan sections—the frequent 
eronenous thi deposits appearance of carbonaceous matter. It may 
Himélaya. be of no great significance, but it is worth 
notice. Coal-mining had been attempted near Substhu in the 
carbonaceous shale of the infra-Krol group, or rather where this 
rock has been compressed and glazed in fault-ground. And this 
appearance of carbon (some of it as volutile hydro-carbons) with 
fault-rock is very common throughout the Lower Himalaya. It 
occurs at Simla, below Nagkanda, at Mussooree, and east of the 
Ganges. Among the more highly metamorphosed rocks it is repre- 
sented by graphite, as about Almora. Its appearance in the Kath- 
mandu section, at the outer fringe of the mountains, next the tertiary 
sandstones, is about the only specific similarity between this section 
and that in Sikkim, where carbonaceous matter occurs in the Daling 
and theBuxa, as well as the Damuda horizon. It may provisionally be 
taken as a suggestive link of affinity between all these rocks. In 
this connection it is important to recall that in Dr. Stolickza’s 
independent classification the infra-Krol horizon corresponds with 
his Central Himalayan Kuling series of carboniferous age, which is 
also the age assigned by some to the Damuda formation. 


From what we have seen of the rocks of the Lower Himalaya, 
Conjectural affiliation of there is not much prospect of a near solution 
the Lower Himalayan ; : : pst isa 
sections. of this question. The main hope is in the 
present manifest want of information. Immediately west of Sikkim 
comes Nepal, taking up the whole middle region of the Himalaya 
for 500 miles in length, and which through the unaccountable for- 
bearance vf our Government, is as much a forbidden land to Euro- 
peans as is Chinese Tibet. Except on the single track to Kathmandu, 
which has lately been traversed by a geologist visitor to the Resident, 
no Englishman dare set foot in Nepal, whose people are entirely 
dependent upon our good will for communication with the out- 
side world, and freely enjoy it. In ‘1e section to Kathmandu, 


which is only thirty miles from the plims, we have seen a general 
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resemblance to the rocks of the Simla region, the contrast being chiefly 
the universally high dips and general metamorphism. Except in 
this latter character it has little in common with the Sikkim section ; 
specific resemblance in the two rock series cannot be made out. 
The great limestone has no equivalent in kind in the whole of 
Sikkim. Where distances are so great, much allowance must, 
however, be made for probable original change in the nature of 
synchronous deposits. The fact that the present base of these eastern 
Himalayas adjoined, or indeed formed part of the Damuda land 
surface, suggests a difference in the deposits near it from those at a 
distance. We have also had to notice all through our sections a dis- 
position in the Krol limestone to pass into a sandy rock. In some 
such manner it may yet be shown that the Darjeeling gneiss is on 
the same horizon as the fine calcareous schists of the Nepal valley. 
Every geologist will understand the very precarious nature of 
such a speculation. As an object to confute, it may be of 
some service. 


The Central Himdlaya.—In treating of the Lower Himalaya we 
Consist largely of well. have had almost entirely to depend upon 
Known formalous: local names for the various rock groups, and 
to be satisfied with conjectural identifications of them in different 
parts of the ground. This unsatisfactory result is owing to the want 
of fossils. For a great part of that ground it must be a permanent 
difficulty, owing to the high state of metamorphism of the rocks ; 
but there are large tracts where this condition does not obtain, and 
where we may hope that fossils will yet be found. At the snowy 
range and over a large part of Tibet the case is quite different. There 
numerous zones of strata are identifiable, not only locally, but 
in the established scale of formations, by the presence of well- 
known fossils. 


Our information of those regions is, however, in a very fragment- 
Strachey, 1648-49. ary state, and must long remain so, owing 
Btolickes, 1864-66. to the inaccessibility of the ground and the 

rigours of the climate at such great elevations. Numerous travellers 

have crossed the mountains in various directions, and have brought 

back a few fossils and isolated observations of the rocks, but only 

two observers have given a connected geological description of any 

considerable area. One account is of a portion of Central Tibet in 
19 
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Chinese territory, north of Kumaun visited by Captain R. Strachey, 
R.E., 1848 and 1849. The description is quoted in extenso from 
his paper, the map attached to which is reproduced to illustrate 
this chapter. The sécond and fuller account is that of Western 
Tibet, by Dr. Stolickza, published in the fifth volume of the 
Memoirs of the Geological Survey of India. In the summers of 
1864 and 1865 he explored the region between Spiti and Dras 
and the Indus. It will be recollected that he died in June, 1874, 
after crossing the Karakoram pass, on the return journey with the 
mission to Kashgar, having lost his life through his zeal for 
scientific research. His observations on this expedition complete a 
rough section across the whole Tibetan mountain region from the 
Panjab to the plains of Khotan. 


Dr. Stolickza’s fist of formations. observed 
in Western Tibet, is as follows :— 


Ape. Group. Foasile, 


Western Tibet. 


IV.—RIVER AND 
LACUSTRINE 
DEPOSITS. 


III,—TzatTIARY.— Nummulitic ... Indus or Shingo Beds ... A’ wmmalites, 


Il—S ECON D- Cretaceous ... Chikkim Beds .. Mudista and Fbramini- 
ARY. Sera, 
i Jurassic Gieumal Sandstone _ ..: Aricwla echinata, 
(Upper). 
4 Jurassic .. Spiti Shales (Braun Ammonites maecroce- 
Jura), phalus Parkinsoni, 
triplicatua, etc. 
7 Middle Lias ... Upper Tegling Lime- Trachus epulus, Chem- 
stone. nifzia undulata, Te- 
rebratwla sinemuri- 
ensis. 
i. Lower Lias ... Lower Tagling Lime- TZerebratula greraria 
stone, and = pyriformia, 


Rhynchonella Aus- 
triaca, Belemnites. 


is Rhetic ..» Para Limestone «- Megalodon  trigueter. 
Dicerocardium Him 
alayense. 

Triassic Lilgng series .dlalobia Lommeli, 

(Upper). Ammonites slcridus 
ete. 

L—PaL.£0z01c —Carboniferous, Kuling series .Productus  semireti- 

culatus, Spirifer 
Keilhacii, etc. 

iy Upper Silurian, Muth series wedvataculites, Orthis 
ete, 

ii Lower Silurian Bhabel series ves Orthia ? 


GweEIss, METAMORPHIC SCHISTS, etc. 
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The distribution of these formations, though subject to many local 
irregularities, exhibit well the general struc- 
tural features of the region. There are two 
main synclinal rock-basins, along the centres of which the younger 
members of the sedimentary series, with one important exception, 
are found. These geological features have no superficial relations to 
any geographical basins. The Indus receives a great part of the 
drainage from both areas in this region, flowing nearly along the 
intervening anticlinal axis. The southern basin is best exhibited 
in the Spiti valley, where the fullest section of the upper secondary 
formations is found. The northern synclinal-basin forms the Kéra- 
koram range. This latter ground has been very little searched, and 
as yet neither oolitic nor cretaceous strata have been observed in it. 
Dr. Stolickza describes the Karakoram pass as formed of liassic rocks 
resting upon trias. 
These long rock-basins are bounded by parallel areas of crystal- 
The principalcrystailine line metamorphic rocks. The southernmost 
areas. of these is that already spoken of as the cen- 
tral gneiss? Its peculiarity, as compared with the other crystalline 
ridges, is that we seem to have here what may be locally called the 
fundamental rock. On Dr. Stolickza’s type section at the Bhabeh 
pass, and in General Strachey’s ground, 200 miles to the east, the 
tnfra-Silurian rocks in a non-crystalline state, and of great thickness, 
are represented as overlying the gneiss. There is no doubt a parallel- 
ism of strike in the two contiguous rock-systems, but the condition 
suggested or implied is that the conversion of the gneiss is of pre- 
Silurian date ; although in the east atleast, granite seems to pene- 
trate both formations. It wasinthis sense of basal that Dr. Stolickza 


applied the word central to this gncissic axis. 

The gneiss and schists forming the middle region of the moun- 
tain mass, from 70 to 80 miles wide at the 
Pangkong and Moriri lakes, are deseribed of 
a quite different type, as being largely syenitic, and as more or less 
made up of metamorphosed Silurian rocks. Along the north outcrop 
of the southern synclinal basin even the zone of carboniferous rocks 
is hardly recognizable, and all below it is converted into crystalline 
achists and gneiss, the south-westerly dip continuing in these rocks 
up to the Indus: similarly along the north-east side of this gneissie 


Synclical basins. 


Midcle crystalline axis. 


148 HIMALAYAN DISTRICTS 


mass the carboniferous formation is the first that is clearly recogniz- 
able; all below it being strongly foliated and mineralized, passing 
with a north-easterly dip under the Kfrakoram synclinal basin. 


The gneissic axis of the Kuenluen is also described as formed 
Northern crystalline Chiefly of syenitic gneiss and quartzose and 
axis. chloritic schists, the relation of which to the 
adjoining slates has not been made out. Carboniferous rocks with 
fossils have been observed on both sides of the range. On the 
northern fianks of the Kuenluen, triassic and cretaceous deposits are 
the only secondary formations noticed by Dr. Stolickza. 


Some minor features in the distribution of the several formations 
Peculiar position of the Will be mentioned presently. We must 
nummnuline depoaits. first notice the remarkable exception, already 
mentioned, in the general arrangement as above sketched. The 
nummulitic formation occurs in great force in the Central Himalaya 
of Ladak, but not even approximately in sequence with the next 
oldest group. The cretaceous deposits are found capping the sedi- 
mentary series in the centre of the southern synclinal basin; but no 
trace of nummulitic beds has been noticed near them. These occur 
in force along the valley of the Indus, in the centre of the middle 
gneissic area. Dr. Stoliczka remarked how strongly the rocks 
resemble these of the same eocene age at the south margin of the 
mountains, especially those of the Dagshaéi and Subathu groups. 
It may also ba noticed how similar the statigraphical conditions 
are in both positions. In the Simla region we saw that the Subathu 
beds were deeply uaconformable to the contiguous formations, the 
youngest of which is thought to be triassic. In the Central 
Himalaya the unconformity is even more striking, because the 
upper secondary period is well represented, yet the succeeding 
lower tertiary rocks are in a totally independent basin of deposition. 
Stoliczka estimates their thickness at 5,000 feet. 


There is yet another formation to be mentioned in the Central 
Extensive post-eocene Himdlaya. We have seen granite in con- 
eruptive rock. nection with the central gneiss. Stoliczka 
frequently notices greenstone as locally associated obscurely with 
the Silurian rocks ; and intrusive trap (much of it of presumably 
tertiary age) ig occasionally, as has been said, very abundant in the 
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lower HimAlayan rocks. There is, however, one exhibition of erup- 
tive rocks in the Central Himélaya that calls for special notice. It 
occurs in the middle gneissic zone, locally forming the axis of a 
mountain range. It is more than ten miles wide at the Hanle 
valley, and is continuous thence, with a varinble thickness on the 
south edge of the eocene rocks, to Kargil. Stoliczka describes it 
as an epidote, diallage and serpentine rock. It appears to be, at 
least in part, the same rock which he speaks of as syenite to the west 
of Kargil, where the nummulitic rocks stop out. The eruptive rock 
there gets entangled in silurian schists, and becomes quartziferous. 
This igneous rock strongly affects the eocene strata and is therefore 
of younger date, and is probably connected with the similar rock 
described by General Strachey on the same strike far.to the east. We 
were able to draw some very instructive warnings from errors of 
the early school of Himflayan geologists, so we must not let the 
moderns escape the same ordeal. On Stoliczka’s first visit he did 
not recognise the rocks on the Upper Indus as nummulitic. In that 
position they are considerably altered, and he took them to be a very 
old formation. In then writing of-the contiguous eruptive rock, he 
remarked (/. c.. page 128): “ From their dark colours these rocks 
have sometimes been referred to busalts, but they have certainly 
nothing to do with these more recent volcanic rocks.” His next 
season’s work proved that they cannot be older than middle tertiary, 
and therefore much younger than the great basaltic formation of the 
Deccan. The idea of the lithological criterions of age in eruptive 
rocks has stil] a strong hold upon the German school of geologists. 


It cannot be supposed that the rough cross section we have 
Range of the nummu- SKetched near the west end of the Tibetan 
litics. mountain mass can be taken as a type for 
the immense region to the east. Already within known ground, 
some interruptions can be pointed out to the longitudinal ex- 
tension of the several structural zones. Of the continuation 
of the Kérakoram and Kuenluen, and even of the middle 
gneissic range, we may be said to know nothing. Stoliczka 
describes the nummulitic band as completely stopped out against 
the syenite at Kargil; and although this obtruding rock is at 
least in part of later date, it is suggested that the termina- 
tion of the eocene beds here is probably aboriginal. The eastern 
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extension of these deposits is quite unknown, save that num- 
mulitic strata occur in the far east north of Sikkim. Some 
doubtfal observations of them in the Changchenmo valley and about 
the Pankgong lake are recorded. 


The southern synclinal basin of secondary rocks, continuous for 
Range of the soutlern 200 miles from Spiti te the north-west, is 
basin. also interrupted in the Kargil region against 
an upheaval of metamorphosed palwozoic rocks. Any recurrence of 
regularity in this strike cannot be expected, for the whole Himilayan 
mountain system becomes confused there, towards the transverse 
gorge of the Indus, where the stratigraphy is complicated by other 
systems of flexure. The short break that occurs at the transverse 
gorge of the Satlaj between the secondary basin in Spiti and the 
perfectly homologous one to the east, as described by General 
Strachey, is also due to a transversely obtruded mass of partially 
metamorphosed palzozoic rocks, through which the stratigraphical 
continuity is so far maintained. 
Although the main elevations, constitating the chain of Himdéliyan 
Extension of the cen- peaks, are sometimes, at least in this western 
tral gneiss. region, formed of the older stratificd rocks 
along the ontcrop of the southern synclinal basin, the underlying, 
pseudo-conformable, central gneiss must be taken as the stratigra- 
phical axis of the range. Stoliczka’s type-section of it at the 
Satlaj and the Bhibeh pass is on the actual continuation of that 
described by General Strachey to the east, in a more central portion 
of the great Himalayan chain, where these gneissic rocks are much 
more prominent. The connection of this gneiss of the main chain 
with that forming the core of the ridges to the north-west} of the 
Satlaj has not been proved. There are three such ridges. On the 
direct line of the great chain there is the Dhauladhar ridge, having 
an axis of coarse gneiss, with slates (probably silurian and lower) 
resting high on its northern shoulder and passing down into the 
valley of the Ravi in Chamba. But the Dhauladhar is cut off from 
the Bhabch section by the deep valley of Kulu, on the upper Bias, 
where no massive gneiss has been observed. The Dhauladhar ridge 
absolutely terminates at Dalhousie, the slates sweeping round the 
end of the gneiss at the bend of the Ravi. Again, Stoliczka 
observed his ‘central gneiss,’ though greatly reduced, north of the 
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Chinab, at the southern base of the Zanskir ridge, below the Baira- 
licha pass. But on the south of the Chinab valley, on the northern 
flanks-of the Rotang ridge, he observed slates which he conjectured 
to be continuous with those of the Bhabeh pass ; in which case the 
gneiss of the Zanskar ridge can hardly be continuous with that of 
Bhabeh section. This ridge of the Rotang pass is apparently from 
the maps the structural continuation of the Pir Panjal range, in 
which a coarse gneiss is again prominent. These three ridges are 
in a manner confluent in the mountain region of Lahul and Vaziri- 
Rupi, from which flow the head-waters of the Chinab, the Ravi, and 
the Bias. The Bhabeh gneiss strikes into it from the east. Thus 
it would seem as if the main Himflayan axis broke up into three 
minor features of the same type in its extension to the north-west. 


The gneiss of the Pir Panjal passes beyond Kashmir towards 
The Kashmir-Kistwér “aghén. But north-west of Kashmir, at the 
region. Zojila, the gneiss of the Zanskar ridge 
is extinct, the whole range being there formed of the palzozoic schists 
and triassic limestone, which thus roll over from the Tjbetan arca 
into Kashmir. Carboniferous limestone occurs in the valley, strik- 
ing through the Marbal pass into Kistwdr. Eruptive rocks have 
been frequently observed in Kashmir, but none of later than silu- 
rian age. The whole Kashmir-Kistwair region, between the Pir 
Panjal and Zanskar ranges, is very little known. Its geological 
affinities are with the Central Himalaya rather than with the region 
specially designated as the lower Himalaya, east of the Sutlaj. 


General Strachey’s description of the Central Himalaya, towards 
the sources of the Indus and Satlaj, is so brief 
that it can be given in full in his own words, 
with his summary of conclusions upon the mountain-turmation, A 
few notes are added, giving additional information or suggesting 


Central Tibet. 


other opinions :— 

“Entering the region of the crystalline schists! of the great 
line of peaks, we find the strike still remaining the same, with the 
dip prettv constantly to the N.-N. E. Along the lines on which 


' The term crystalline schists is “ften used, as above, to include gneiss. General 
Strachey hardly uses this Jatter word. which is now so much applied to distinguish 
the felapathic and often massive fo'm of metamorphic rock. It is probable that 
some, at least, of the gramie of General Strachey’s description is really massive 
gueisa, 
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the points of greatest olevation are found in this part of the range, 
we invariably see for a breadth of several miles, veins of granite 
in great abundance penetrating the schists, 
often cutting through them, but perhaps most 
frequently following the bedding of the strata, between which thoy 
seem to have been forced. The great peaks are, I think, in almost 
every case composed of schistose rock, but the granite-veins may 
be most clearly seen on the faces of the mountains to very great 
elevations. Kamet, one of the highest of the peaks in this region, 
seems, however, to be among the exceptions of this rule ; its sum- 
mit, which is upwards of 25,500 feet above the sea, appearing to 
consist of granite alone. This line of granite seems to be sub- 
divided into several branches, distributed generally along the strike, 
but otherwise not very regularly (see map). It appears to consist, 
where I have seen it, almost entirely of veins of moderate size, and 
such is probably its general character in the portion of the moun- 
tains between the Satlaj and the Kali; but the veins occasionally 
expand into masses of considerable magnitude, and more rarely large 
outbursts are met with that constitute whole mountains. In the 
vicinity of the peak to which I have just alluded, Kamet, the granite- 
area is very large (see map), and a similar development of it also 
occurs in the vicinity of Gangotri, at the source of the sacred branch 
of the Ganges. The vein-granite is usually large-grained with 
schorl-crystals. It is very hard and durable, neither it nor the schists 
that accompany it being at all liable to decay. The felspar of all 
granites that I have seen in these mountains is white, and kyanite 
it of frequent occurrence in the veins. 


“The schists that accompany this granite are very hard and 
crystalline, and comprise all varieties of 
mica-schist and gneiss. Beds of highly crys- 
talline limestones, some pure, others hardly to be distinguished by 
sight from mica-schist, are of frequent occrrrence, and a band of 
such rocks seems to traverse the country near the line of greatest 
elevation. The strata, where penetrated by the granite, are often 
very much contorted, and the dip appears on the whole to increase 
as we approach the granite, where it reaches an angle of 45°, 
which it does not often exceed. Thermal springs are met with 
in many of the valleys along the line of granite, aad in several 


Granite. 


Schists, 
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that I am acquuinted with the temperature seemed pretty regularly 
to be about 128° Fahr. The whole of the appearances presented 
by thc granite and crystalline schists of the great line of peaks in 
this part of the mountains seem to be universally repeated through- 
out the whole length of the chain when we reach the region of max- 
imum elevation ; and as we extend our examination, we still conti- 
nue to find additional reasons for conclading that the general geo- 
logical phenomena of the range, and the causes that have produced 
them, remain very similar over great distances. 

“In immediate succession to the crystalline schists penetrated 
by granite veins, we here come at once apon 
slaty beds overlying them, along the bottom 
of which, near the mica-schists and gneias,.is a line of granite-veins 
differing somewhat in appearance from those of the larger eruption, 
and not producing any great alteration in the slaty beds themselves, 
as is shown by the occurrence of a coarse conglomerate, the 
component parts of which are perfectly distinct, only a few feet 
above the granite. Sufficient change, however, has taken place to 
prevent our distingnishing much more than that the constituents 
of this rock are chiefly quartzose, and that it contains rounded stones 
of all size. I have met with this congiomerate in a similar position, 
and with much the same general appearance, thirty miles or so further 
to the east. Above these are slaty beds, in all perhaps 9,000 feet in 
thickness, consisting of coarse slates, grits, and limegtones, all more 
or less affected by slaty cleavage, and all devoid of fossil remains. 

“Tt is after reaching the top of these strata, which ia rarely 
done at a less elevation than 14,000 feet 
above the sea, that we at length enter again 
a rogion of fossilliferous rocks, which extends as far as my exami- 
nations have been carried. And it is not a little wonderful to find 
at this immense elevation a regular succession of most of the more 
important formations, from the Silurian to the Tertiary Periods. 
The Palwozoic beds met with immediately above the slaty rocks 
I have just mentioned seem to have a thickness of about 6,000 feet, 
but it is quite possible that organic remains may extend lower than 
I supposed ; indced, from the very difficult nature of the country, 
the precise thickness of the deposits and the limits of the different 
formatiuns cannot be determined properly without a much more 

20 


Slates and conglomerates. 


Foesilliferous rocks. 
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careful examination of the country than I was able to give it. The 
lower portion of these strata are undoubtedly of lower Silurian age, 
and | am indebted to Mr. Salter for the following list of the species 
that he has been able to recognize on a somewhat cursory examina- 
tion of my specimens. 

“Among the Trilobites are—Cheirurus (the Silurian form of 
the genus), Lichas, Asaphus (only as yet found in Lower Silurian 
beds), Illenus, Calymens, Prosopiscus, Spherezochus. 


“Of Molluscs are—Strophomena, a strongly ribbed Orthis, 
Terebratula, Leptena very like L. depressa, Lingulla, Orthoceras, 
Cyrtoceras, Lituites, Theca, Bellerophon, Murchisonia, Pleurotomaria 
Rtaphistoma, and Ctenodonta. 


“Of Polyps—Ptilodictya, Chetetes. 


“ Also Encrinites and Cystide, Tentaculites and other Annelids 
and Fucoids. 


“T had also an opportunity of showing these fossils 1o M. Bar- 
rande, who appeared to have little doubt, from their general cha- 
racter, that some of the beds from which they came were certainly 
of Lower Silurian age. 


“The lowest beds of these Palzeozoic strata consist of dark- 
coloured thickbedded limestones, in some 
places filled with corals. They are succeeded 
by limestones mixed with slates, in which were found the strong-ribbed 
Orthis, Terebratula, Lingula, Bellerophon, and fragments of Encri- 
nites. Above these come flaggy limestones with grits, that contain 
the greater part of the Trilobites, Strophomena, Leptena, Lituites, 
Ptilodictyon, Cystidee, and Fucoids. The beds then become more 
argillaceous, and shales and slates mixed with an impure concretion- 
ary limestone follow. In these beds are found Cyrtoceras and 
Orthoceras, and amongst the nodular concretions of limestone a 
Chetetes is common. Next in order come dark-red prits, sometimes 
marly, containing only a few fragments of Encrinital stems. Above 
these, pale flesh-coloured quartzite, and finally a white quartzite, in 
neither of which I ever found any fossils, and which form the 
highest peaks of the ridges composed of the Palzozoic rock. The 
whole of these strata are in various degrees affected by cleavage 
and joints, which penetrate all the beds without regard to their 


Stratification. 
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mineral character, although in a somewhat less marked degree in the 
limestones and quartzites. That the general sequence of these strata 
is pretty regularly maintained, I have seen over a longitudinal 
extent of about fifty miles, but it appears highly probable that their 
development has a far greater range, as we shall also see to be the 
case with some of the other groups of the fossiliferous rocks. 


“ Before passing on, I must observe the very remarkable simi- 
larity of general mineral appearance that 
subsists between the Silurian rocks of the 
Himilaya and of England. The peculiar pale tint assumed by 
many of these rocks answers most exactly to the descriptions given 
by Sir Roderick Murchison of the Silurian districts of Wales, and 
the characters of the concretionary limestones of both countries 
appear equally to correspond. Even in hand specimens the texture 
and appearance of the rocks and of the fossil impressions are so 
similar that they might most readily be mistaken one for the other. 
In pointing to these resemblances, however, I would not have it 
supposed that I should wish in any way to set up mineral eharacter 
as a criterion by which to decide on the age of any rock. Never- 
theless, the facts, if they are to be relied upon, would appear to indi- 
cate that as we see the conditions of the existence of organic matter 
to have been generally similar over large areas, or even over the 
whole earth, during the same epoch, and to have changed with the 
progress of time, so likewise has it been with the conditions under 
which the mineral constituents of the earth have been aggregated. 


“The Palsozoic strata that I had an opportunity of examining 
in detail tn situ, which I have just been 
describing, appear to-be exclusively Silurian, 
but the existence of rocks of Devonian or Carboniferous age seems 
to be shown by some of my specimens, not found in situ, which 
contain Productus, Chonetes, Athyris, Orthis, Aviculopecten, Spirifer. 
I may here be allowed to repeat that the higher portions of the 
Silurian rocks being usually found at elevations of 17,000 or 18,000 
feet, their examination is not a very easy task, and the difficulties 
occasioned by the great altitude are infin.. iy aggravated by the 
confusion into which the beds are thrown by the vast dislocations 
that have accompanied the elevation of these mountains. In con- 
cluding my remarks on the Palwozoic beds I would observe that, 


Compared with England. 
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as a general rule, to which, however, there are no doubt many 
exceptions, these rocks are to be found forming the summits of the 
highest passes between the British provinces of Kumaon and Garh- 
wil and Tibet, which probably average 18,000 feet in elevation, and 
that the highest points of the ridges on which these passes are found 
not unfrequently reach nearly 20,000 feet in altitude. 


“In proceeding along the section, we shall next observe some 
beds very remarkable from their apparently 
close similarly to the Trias of Europe. I 
can now only regret that, not having been sufficiently aware of their 
importance, their exact relation to the beds below them has not been 
better made out ; but their position in the series immediately above 
the Palwozoic rocks is at least certain. In one place these strata 
were found in situ intermediate between the Palsozoic and Secondary 
rocks, but the greater part of my specimens were obtained from 
fragments lying on the north slope of the Paleozoic ridge, which 
appears to terminate with a line of fault, to the north of which a 
cliff of Oolitic age suddenly rises. From these strata I have obtained 
not less than twenty-five species of fossil shells, which is a remark- 
able circumstance, considering the small bulk of the specimens that I 
was able to bring away with me. Mr. Salter, who has been so good 
as to examine these also, tells me that we have Ammonites several, 
Ceratites, Orthoceras, Natica, Exogyra, Halobia, (Avicula), Pecten, 
Lima, Athyris, Waldheimia, Rynchonella, Spirifer. The Triassic 
beds wero chiefly dark-coloured limestones and, where seen in situ, 
were associated with shales and dark-red grits, the latter of which 
seemed very similar to those found near the top ot the Palxozoic 
series. The line on which they were seen was, however, a very bad 
one for determining such matters, for it was in one of the great 
valleys, and consequently on a great dislocation where accumulations 
of débris almost always greatly predominate over rock tn stfu. 


Trias. 


“In our progress northward, we next come upon the strata that 
form the representatives of the Jurassic group. 
As in the Palzozoic teds, so we here find 
the general dip to be to the north ; but it is impossible for me to offer 
any opinion as to the degree of conformability of any of these depo- 
sits one to another, owing to the great disturbances to which they 
have everywhere been subjected. It appeared to me, however, as 


Jurassic series. 
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probable that in the parts of the mountains that I examined, a great 
line of fault intervened between the Oolitic and Paleozuvic series. 
The mountain-ridge of Silurian age most carefully examined by me 
lies generally parallel to the line of strike, and along its north-cast 
face rins a stream separating it from the Secondary rocks, which 
rise in an almost impassable precipice beyond. The section here 
exposed must be at least 5,000 or 6,000 feet in thickness, but the 
difficulties of the route prevented my extending my examinations 
into the lower beds. The lowest that I reached were of black lime- 
stones and shales, with very few orgsnic remains, and those very 
imperfect. Above these lie several thousand feet of limestones of 
various descriptions, the rock in some places being almost made up 
of fragments of shells. Professor Forbes, who haskindly looked over 
my specimens from these beds, is inclined to identify some of the 
species with certain forms that occur in the Fuller’s Earth and Corn- 
brash of England ; and it appears that there is here no representa- 
tive of the Lias. 

‘“‘ Continuing to ascend in the series, we reach next a large devel- 
opment of dark-coloured shales which abound 
with remains of Ammonites and Belemnites, 
the former usually imbedded in spherical nodules, apparently of 
much the same nature as the shale itself, but excecdingly compact. 
The shale is for the most part, on the other hand, very rotten, 
and the band of country along which it is found is often 
depressed so as to form a valley, apparently in consequence of 
this disintegration of the rock. This shale Professor Forbes pro- 
nounces to be without doubt of the age of the Oxford Clay, a con- 
clusion indicated by the peculiar forms of the A:monttes, two of 
which seem to be identical with species found in beds of the same 
age in Kachl. and Sind, which have been figured and described in 
the Transactions Geol. Soc. The existence of these beds in the 
northern parts of the Himélaya was pointed out by Sir Roderick 
Marchigon some years ago, as proved by the occurrence of some 
of these Ammonites, wuich he had seen. There is indeed direct 
evidence of the existence of these Oxford Clay strata for a distance 
of about 200 miles to the westward of the places where I have 
myself seen them, and their prolongation along the north of the 
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mountains for 200 miles more in an easterly direction is rendered 
highly probable by the well-attested recurrence of the Ammonites 
in the eastern parts of the kingdom of Nepal. Although we find 
stratified deposits apparently lying conformably on the Oxfordian 
strata, I cannot say anything definite regarding them, as they appear 
to be almost entirely devoid of fossils. They are very hard and 
compact, consisting of grits, shales, and limestones, and have not 
improbably been converted into their present state by the action of 
eruptive rocks which are of common occurrence in this region." 

[Subsequent to the publication of General Strachey’s papers in 
the Journal of the Geological Society, a description of his collections 
of fossils was drawn by Messrs. Salter and H. F. Blanford, and 
printed for private circulation. The following complete lists are 
taken from that work :— 


SILURIAN FOossi.s. 


Asaphus emodi. 
Tl!lznus brachyonieus, 
Do. punctulosus. 
Cheirurus mitis, > 

Prosopiscus mimus. 
Spheaexochus jdiotes. 
Lichas Tibetanus. 
Calymene nivalis, 
Tentaculites ap. 
Serpulites sp. 

Nautilus? involvens. 
Cyrtoceras centrifugum. 
Lituites iuliformis. 


Orthoceras striatissimum. 


Do. axemas. 
Theca lineolata. 
Bellerophon Ganesa. 
Strophomena trachealis. 


Do. chemerops. 
Do. umbrella. 
Do. aranea. 
Do. nubigena. 
Do. bisecta. 
Do. halo. 


Do. lineatissima. 
Orthis Thakil. 
Do. Tibetica. 


Productus Purdoni:. 


Murchisonia Himalensis. 
Do. pagoda 
Pleurotomaria turbinata. 

Raphistoma emodi. 
Trochonema hamifusa, 
Cyclonema rama. 

Do. subtersulcata. 
Holopea varicosa. 

Do. pumila. 
Ctenodonta sinuosa. 
Cyrtodonta? imbricatule 
Lingula Kali, 

Do. ancyloides. 
Leptena Himalensis, 

Do. repanda, 

Do. cratera. 

Do __—inux, 
Orthis compta. 

Do. monticula. 

Do uncata, 
Ptilodictya ferrea. 

Do. plumula. 
Spherospongia melliflua. 

Do. inosculans. 
Chretetes ? Yak 
Heliolites depauperata, 


CARBONIFEROUS FOSSILS. 


Athyris Roissyi. 


Do. Fiemingii. Aviculopecten hyemalis. 
Chonetes Vishnu. 


1In 1873 Mr. T. H. Hughes, of the Geological Survey, brought some fossils from 
the Milam Pass. They were identified by Dr. Waagen as representing crestaceous, 
jurassic, triassic, permian, carboniferous, and silurian formations. This brings 
the series here into fuller agreement with that described by Stoliczka in Western 
Tibet. 
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Ammonites floridus. 


Do. Aon. 

Do, Winterbottomi. 
Do. planodiscus. 

Do diffissus. 

Do. Gaytani 

Do. Ausseeanus. 
Do, Blanfordii. 


Ceratites Jacquemounti. 

Orthoceras pulchellum. 
Do. salinarium, 

Natica eubglobulosa. 


Belemnites sulcatus. 
Amonites acucinctus, 
Do 


alatus. 
Do. bifrons. 
Do. biplex — 
Do. communis, 
Do, concavues, 
Do. Bugenii. 
Do. Gerardi, 
Do. Griffithii. 
Do. guttatus. 


Do. Hookeri. 
Do. heteroplhyllus. 


Do. Himalayanus, 
Do. Hyphasis. 
Do. Jubar. 

Do. Medea. 

Do. Nepalensis. 
Do. ootagonus. 
Do. robustus. 

Do. ecriptus. 

Do. Spitiensis. 
Do. atrigilis. 

Do. tenuistriatus, 


Do. torquatus. 
Do. triplicatus 
Do. Thouarsensia, 
Do. umbo. 

Do. Wallichii. 
Turritella montium. 
Pleurotomuria? sp. 
Turbo invitus. 
Chemnitzia sp. 
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TRIASSIC FossiLs, 


Exogyrta ep. 
Halobia Lommeli, 
Pecten scutella. 
Lima Stracheyi. 
Athyris Veslungehampsii. 
Do. Strohmeyeri. 
Waldheimia stoppani. 
Rhynchonella retrocita. 
Spirifer Oldhami. 
Do. Stracheyi. 
Do. Rajah, 


OouiITIc Foss! 1s. 


Anatina Avaginula. 
Myophoria Blanfordi, 
Cardium truncatum, 
Cyprina trigonalis. 
Astarte major. 

Do. unilatcralis. 
Modiola sp. 
Nucula cuneiformis, 
Cucullwa virgata. 


Do. leionota, 
Inoceramus Hookeri. 
Lima acuta 

Do. gigantea. 

Do. mitiloidea. 


Monotis concenticus. 
Avicula echinata 

Do. inequivalvis, 
Pecten squivalvis 


Do. comatus, 

Do. bifrons 

Do. monilifer. 

Do. Lens. 

Do. Babal. 
Ostrea flabelloides. 

Do. acuminata. 
Terebratula numismalis. 

Do. carinata. 

Do. globata. 
Rhynconella variabilis. 

Do. concinna. 


Acroseslenia? 
Pentacrinites sp.} 


“ But the most striking feature of the geology of these moun- 


Tertiary deposit. 


tains is probably that which I have next to 
mention, viz., the existence of a great Terti- 


ary deposit at an elevation of from 14,000 to 16,000 feet above the 
sea, still preserving an almost perfectly horizontal surface. On 
crossing the watershed-ridge between the streams that flow to the 
south into the Ganges, and those that fall into the upper part of the 
Satlaj to the north, which here constitutes the boundary between 
the British territory and Tibet (see map), we tind ourselves on a plain 


160 HIMALAYAN DISTRICTS 


120 miles in length and varying from 15 to 60 miles in breadth, 
that strotches away in a north-westerly direction. Its western por- 
tion is everywhere intersected by stupendous ravines, that of the 
Satlaj being nearly 3,000 feet deep. The sections afforded by these 
enable us to see that this plain is a deposit of boulders, gravel, clay, 
and mud of all varieties of fineness, laid out in well-marked beds 
that ran nearly parallel with the surface, and that hardly deviate 
from a horizontal position. The discovery of the fossilized remains 
of several of the larger mammalia distinctly marks the Tertiary age 
of this deposit. The existence of such fossil remains in the northern 
parts of these mountains had been long known, but we were alto- 
gether ignorant of the precise locality whence they came, and had no 
facts before us from which any conclusions could be formed as to 
their geological import.. The Niti Pass, from which it was said 
that the bones had been brought, was not the place where they were 
found, but one of the routes only by which they came across the 
great Himalayan chain from unknown regions beyond. 


‘Mr. Waterhouse, who has been so obliging as to examine 
the specimens that I procured from these 
beds, informs me that he recognizes amongst 
them the following :—Metacarpal bone and distal end of tibia of 
Hippotherium ; patella of small horse ; distal end of radius of a larger 
species of horse ; distal half of tibia of a horse of very large size ; 
part of metacarpal of a horse ; upper end of tibia of bovine ruminant ; 
dorsal vertebra of a ruminant. Portion of head of an undescribed 
animal allied to goat and sheep, having, like them, prominent orbits, 
and the hords above the orbits; but which differs in the peculiar form 
the bony core of the horns. The horns are remarkable for being placed 
very near to each other at the base (their upper portions are broken 
off). There is a specimen in the British Museum, however, from 
the same locality, of an animal very like this, in which the horns are 
seen to be short, stout, ond slightly bent outwards at the apex. 
Right wing of the atlas vertebra of rhinoceros ; phalanx of one of the 
outer hind toes of ditto ? ; and portion of tooth of elephant ? Sneci- 
mens of the bones of ruminants, pachydermata, and other animals 
from this district, presented to the Society by Sir Thomas Colebrooke 


and Dr. Traill, are in the Museum of the Geological Society, 
London. 


So-called Niti fossils. 
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“The bones that we have hitherto obtained from these strata are 
Actual site as yet not almost all very miserable fragments, so that 
\dentified. it is difficult even for the very learned natu- 
ralists that I have mentioned to do more than distinguish the genus 
to which they belong. It is therefore, I am afraid, at present impoe- 
sible to come to any decided conclusions as to the identity or other- 
wise of the species here found with thoso of the Siwalik hills, a 
question of the greatest interest with reference to all our speculations 
on the geology of these mountains. The fossil bones I have not 
seen in situ nor indeed, curious to say, could I, in spite of every 
attempt, learn a definite locality in which any one knew positively 
that they had been found. But of the general position where they 
occur there can be no doubt, for, besides the common account of their 
being found in some of the ravines that traverse the plain, on many 
of the specimens quite enough of the rock in whieh they are 
imbedded has remained to enable me to recognize a fine-grained 
calcareous conglomerate exactly identical with beds such as I 
have seen intercalated with the boulder and gravel beds that consti- 
tute the mass of the deposit. Hills of limestone rise here and there 
above the general level of the plain, and it appears as though the 
calcareous matter derived from them had cemented together portions 
of the sands and gravels that were deposited near them. 


“ The existence cf such animals as 1 have mentioned as being 
found in these beds being a physical im~- 
possibility in the present state of the country, 
there can be no doubt that the strata have been elevated to their 
present height from some lower level since the time of their 
deposition. There is no direct proof that these beds are marine, no 
shells having been obtained from them, but I think on the whole 
that the-probabilities appear to be in favour of this plain having been 
a true sea-bottom rather than of having been occupied by a detach- 
ed body of fresh water. The general extension of some of the 
older fossiliferous rocks along the northern face of the Himalaya 
over a great longitudinal distance is a fact of which we have 
tolerable proof, and it thence follows that the line on which they 
occur, distant about twenty or thirty miles to the north of the 
great line of peaks, has probably been a sea-margin from the 
remotest ages of the carth’s history until as late as the Oolitic 
21 


Probably of marinc origin. 
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period at least. So far, therefore, there is nothing adverse to -my 
supposition ; nor is the present interruption of the plain any proof 
that it did not once have a far greater extension. This is suffi- 
ciently proved by my having traced these tertiary beds to the very 
top of the watershed-ridge in the vicinity of the Niti Pass, where 
they reach an elevation of upwards of 17,000 feet ; the summit of 
that pass being strewn with boulders that appear to be derived from 
the white quartizite capping the Silurian strata of the neighbourhood. 
Further, two or three miles to the south of the pass, a detached 
portion of this deposit is to be seen on the declivity of the moun- 
tain, which must have been separated from the general mass by the 
dislocations that have upheaved the whole country. It is, moreover, 
to be noticed that there seem to be grounds for supposing that 
plains, such as I have mentioned, ure found in other parts of the 
chain under somewhat similar circamstances, which may not 
improbably have once formed portions of the same sea-bottom. 
The plain of Pamir, so long known from the accounts of Marco 
Polo, and the existence of which is fully corroborated by Lieut. 
Woed of the Indian Navy, in his Narrative ‘to his Journey to the 
Source of the Oxus, may be its representative to the west; while 
te the east the plains described by Turner as having been passed 
over during his embassy into Tibet, as well as others mentioned by 
Kirkpatrick as existing to the north of Nepal, the descriptions of 
which are quite confirmed by Dr. Hooker, are not improbably of a 
similar naturs. Another argument in favour of the marine origin of 
this deposit is, I think, also to be derived from the very regular way in 
which the beds of gravel and boulders are laid out, for which I should 
conceive that some action like that of the tides would be requisite. 


1 No notice has been taken of these great detrital accumulations up to this, 
because they occur on the grandest seale im the regions described by General 
Strachey ; but every explorer in the Ladék country has noticed deposits of the same 
kind. In many cases they are very recent. The process of their formation has 
been very well described by Mr. Drew in the Quarterly Journal of the Geological 
Society for 1873. From the fossils enumerated above, it is, however, certain that 
sonie of them are very ancient The fact that General Strachey did not observe 
the actual site of these bones Jeaves it open to conjecture whether they may not 
occur in some disturbed beds more or Jess cuvered ly these horizontal gravels ; for 
it is very difficult to conceive how any great dislocation or upheaval of the moun- 
tains can have occurred without disaytanginy such tnevlerent materials. On the 
other hand, the fact that such large animals asthe Yuk, the Kiang, the Ovis Am- 
mon, &c., now flourish in the wild state in those bleak sterile regions suggests 
that a moderate change of climate, without: any reat change of elevation, might 
make them habitable for the fauna now found fossil there. No evidence for 
marine action later (han the nummulitic period is known within the Himélayan 


border, 
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“T have already mentioned the occurrence of eruptive rocks in 
the Tibetan plateau. A great outburst, in 
which are found hypersthene and bronzite, 
besides syenitic and ordinary greenstones, and various varieties of 
porphyry, occurs in the vicinity of the lakes which are found at the 
eastern extremity of the plateau (see map). The greenstone is 
known to extend considerably to the west, and forms, at an elevation 
of about 17,600 feet, the summit of Balcha, one of the Himalayan 
passes into Tibet which I have crossed. 


Eruptive rocka. 


“ Having thus given a general description of the geology of this 
Genera) Strachey’s con- region, I shall, as shortly as possible, enu- 
clusions. merate the chief conclusions to which I have 
been led with regard to the physical forces that have been called into 
action in the formation of these mountains :— 


(a.)—The general extension of the chain along the direction 
of the strike of the strata is a phenomenon necessarily connected 
with the action of an upheaving force along a line. This longi- 
tudinal action is further evinced by the parallelism of the lines of 
eruptive action with that of the strike. The continuance of action 
of the upheaving forces along the same general line for a vast 
period of time, with occasional intervals of repose or of subsidence, 
is indicated along both the north and south faces of the Himalaya. 
The great depth at which the forces have originated seems to be 
proved by the regularity of the action along the entire length of the 
chain, as shown by the elevation of such a ridge as the Siwalik hills. 


(b).—The granites appear to constitute lines of elevation, not of 
rupture ; but there seems to be no specific action produced by them 
on the dip of the strata, which they appear to leave generally 
unchanged. 


(c.)—The greenstones, on the other hand, usually follow lines 
of dislocation of the strata, being sometimes apparently contem- 
poraneous, and at others intruded through rocks already consoli- 
dated. 

(d.)—The cause of the general north-easterly direction of the 
dip is obscure, although its occasional sudden reversal to south- 
westerly seems to indicate some connexion with the action of an 
upheaving force from below, or of violent lateral thrust. 
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(e.)—The lines of fracture of the strata are constantly either 
parallel or perpendicular to the direction of the upheaving force. 
The positions of the rivers appear to be altogether dependent on the 
configuration of surface produced by these fractures ; while the con- 
figuration of surfuce, on the other hand, seems to be but slightly 
atfected by the action of the streams, of which there is rarely any 
visible sign at 200 feet above the present level of the waters, and 
never to my knowledge above 300 feet. 


(f.)—The fact of the granite of the great snowy peaks being 
seen in veins, penetrating the schists up to 20,000 feet, makes it 
highly probable that the granite must have been injected long 
before the mountains received any considerable development. That 
this granite is older than the Silurian period is rendered probable 
by the comparatively unaltered state of the lower beds of the Azoje 
slates at the foot of the Palxozic series, where almost in contact 
with it. 

(g.)—The conglomerate bed near the bottom of these same Azoic 
slates shows the proximity of land at the time of its deposit, and 
indicates that some upheaval of land had already taken place near 
the present line of great peaks, possibly occasioned by the granite 
in question. 

(h.)—The occurrence of pebbles of greenstone in the sandstones 
along the southern edge of the mountains shows that the exterior 
lines of greenstone are older than those beds of sandstone. 

(i.)}—The frequent occurrence of boulders of the quartizites, slates, 
and greenstones of the outer ranges of mountains among the Ter- 
tiary deposits of the Siwalik hills shows that the Tertiary ocean 
washed the foot of those mountains. 


(j.)—The regular slope of the plains of Northern India cp 
to the Siwalik hills, which rise suddenly from the flat ground, leads 
me to infer that the sca must have continucd to reach at least as far 
as the foot of the Siwalik hills for some time after their upheave- 
ment. 

(k.)—The rise of the Tibetan plain has not been caused by the 
granite eruption of the line of snowy peaks. That the greenstone 
rocks that abound in many parts of it have cqually not caused it, 
is proved by the peculiar nature of the valleys among the hills to 
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the west of the lakes, which must have been laid out level under 
water ; from which it is to be inferred that these eraptive rocks are 
older than the tertiary beds of the plain. The same thing is shown 
by the occurrence of worn pebbles of greenstone in the surface of 
the plain in the vicinity of some of the detached hills of that rock. 


(l.)—The former extension of the glaciers far beyond their 
present limits is a phenomenon that may be noticed almost every- 
where in these mountains, and may give rise at first sight to an 
idea that there may here also have been some special period of cold 
corresponding to the glacial epoch of Europe. But it seems, I 
think, more probable that this is here only the result of a change 
of climate consequent on the upheaval of the great plains of North- 
ern India. 

(m.)—The existence of ancient moraines on the tertiary plain 
of Tibet proves that the extension of the glaciers is post-tertiary. 
Now, if we conceive that after the rising of this plain to nearly its 
present elevation, the sea still continued to wash the foot of the 
Siwélik hills, as I have already said that I considered likely, it is 
clear that the climate of the Himalaya would have been far more 
moist, and that the quantity of snow that fell on the highest parts 
of the mountains would have been greatly in excess of what now 
falls there, causing a great extension of the glaciers beyond the 
limits to which they have now receded.” 

There are several points in the foregoing summary that might 

Remarks on the above be objected to in detail, but it is hardly 
scimary: necessary to point them out. With the 
much more extensive information now available than was at General 
Strachey’s disposal, one ought to be able to give a more precise 
account of the phenomenon under discussion. But one lesson of 
experience is caution. From all sides the geologists of Europe 
have been for long years hammering at the Alps; yet the mode of 
formation of those mountains is still a subject of very vague specu- 
lation. What then can we expect from our fragmentary knowledge 
of Himélayan geology? In one respect we seem to have the advan- 
tage : the much grander scale on which the phenomenon took place, 
and perhaps also the less advanced stage of the process, have result- 
ed in a somewhat less complexity of structure. 
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The process of investigation is to find out.as far as possible from 
these remnants of the formations, and their relations to each other, 
what were the conditions of the surface at the time of deposition 
of each, and what successive changes of conditions occurred. Thus 
General Strachey’s observations that the metamorphism of the rocks 
forming the crystalline axis and the introduction of the granite are 
of pre-silurian date ; that this axis of elevation was a shore of deposi- 
tion at that time, would be facts of prime importance in the early 
history of this region. It would give a prodigious antiquity to the 
beginning of the Himdlayan mountain system, for all subsequent 
disturbances have conformed in elevation with that which produced 
the gneissic axis. It may be remarked that this view is apparently 
in immediate opposition to what is now a very favourite theory: 
of mountain-formation—that which connects these areas of special 
contortion. and elevation with a preceding long-continued accumu- 
lation of deposits, and accompanying depression, in the same area ; 
whereby through the gradual rise of temperature in the sediments 
thus sunk to a considerable depth, expansion occurs, and also a 
softening of the rocks, including a yielding to the horizontal thrust. 
in the earth’s crust, thus producing the compression and up-squeez- 
ing into mountains of the accumlated sediments.’ In the simple 
application of this process the position of greatest elevation should 
approximately coincide with that of the preceding greatest deposi- 
tion, and not with the limit of the deposition, as we find it according 
to General Strachey’s observation. 


To this objection, and in defence of the theory, it may be very fairly 
argued, that the line of actual maximum elevation is due to denudation 
having removed the softer and more broken strata and left the more 
massive rock ; that according to the observatior. under discussion, the 
sedimentary series never passed across this primitive gneissic axis ; 
and that the position of greatest elevation (in the active sense of 
upheaval) occurred about the middle gneissic axis formed of meta- 
morphosed palxozoic rocks, all the once overlying strata having been 
removed ; that but for this result of denudation we should have the 
crest of the Himflaya to the north of the upper valley of the Indus. 


} Notwithstanding the numerous recent claimants to this theory, the mechani- 
nal elements of it are essentially those given by DeBeaumont in his témes de 
Montagnés, p. 1318; the other ideas in it being due to two othor equally eminent 
‘philosophical physicists, Herschel] and Babbage. 
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The interpretation of the drainage system gives direct support 
to this view. It is an evident postulate of physical geology that 
along any line of elevation the drainage is originally transverse. 
The manner in which this primitive system becomes largely convert- 
ed into longitudinal drainage lines is explained in every text-book 
on geology. Now, making the fair assumption that the initial 
line of elevation coincides with the maximum line of upheaval, the 
‘main watershed of the future continent is determined by that initial 
line, and it is presumably a very permanent feature. Every geo- 
graphy book notes the fact that the Himalayan watershed lies far to 
the north of what is more particularly described as the Himalayan 
range, but the line of reasoning we have just indicated would sug- 
gest that the real axis of maximum elevation in the Himalayan 
system may coincide more or less with the watershed. We should 
thus have two magnificent examples of the process of drainage-con- 
versions above alluded to: the Indus and the Sanpo (Brahmapu- 
tra) now flow from about the same central position, having gradually 
worn back aiong the line of easiest erosion, cutting off in succession 
the originally transverse drainage along the whoie line. 


The applicability of this theory of mountain-formation to the 
Himalaya system does not, however, depend upon the correctness 
of General Strachey’s view regarding the exceeding antiquity of 
the first gneissic axis. The gneiss there in early Palwozoic times 
may have been a floor of shallow deposition 
without being a range limiting that deposition: 
Stoliczka does not adopt this latter view though, leaving it an 
open question. His own provisional identification of lithologically 
similar Silurian rocks in equal force to the south of the axis would, 
perhaps, suggest their original continuity across that axis. He 
hazarded very few remarks upon the general geology of the 
Himalaya, wisely postponing such considerations until the data 
would warrant something definite. He points out that the deposits 
of carboniferous age, filling only broken ground in variable thick- 
ness, represent the close of a general geological epoch. The 
Permian and lower Trias are not represented. He considers that 
after the Trias extensive upheavements occurred, laying dry large 
tracts that have not since been submerged. The Jurassic basin was 
then approximately defined. The evidence for these conclusions is 


Stoliczka’s views. 
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not given, and they seem difficult to reconcile with the general 
regularity of succession of the rocks. On his figured sections the 
Para limestone (Rhetic group) is the only one that exhibits great 
inequality of distribution, being of considerable thickness on the 
north side uf the basin, and altogether wanting to the south. His 
remarks would, hawever, assign at least an early Mesozoic age for 
the origin of some of the prominent features of disturbance now 
stamped upon the Himalayan system. 


The most notable features in the sequence of formations in the 
Himalaya is the position of the nummulitic deposits, as already 
mentioned. They are in greater thickness than any of the older 
formation sexcept the lower Silurian. Stoliczka speaks of them 
as having been deposited in the narrow basin where they now lie in 
the very centre of the mountain region. This view strongly confirms 
that previously arrived at from the consideration of the same deposits 
at the south edge of the mountains: that long and extensive 
denudation of the Himalayan area had preceded the Tertiary epoch. 
It seems to have been greatest, as would naturally occur, along the 
centre of the area of upheaval, wearing down tc the metamorphic 
rocks along what may then have been the back of a brord fiat 
tuberence of the earth’s crust. A comparatively slight settlement 
of the area, submerging only the more deeply eroded parts, would 
then have sufficed for the accumulation of those eocene deposits, and 
it seems possible that the production of the synclinal basins of the 
Central Himalaya—as was shown for the contortion of the infra- 
Krol beds of the Lower Himélaya—did not occur, or, at least, was 


not stron gly developed till the great compression upheaval in middle 
Tertiary times. 


CHAPTER IV. 
THe Hokvaya. 


CONTENTS. 

The outer Himélaya. Mountain systems; Jumna; Ganges; KAli. Subor- 
dinate boundaries, The Nayér. Western Rimganga; Kéli. The snowy range. 
Axis of highest elevation. The Tibetan plateau. Glaciers. Glacier of the 
Pindar ; feeders of the glacier; moraines; crevasses and ice tables. Glacier of 
the Kuphini. Motion of the Pindar glacier. Snow-line. Observations in the 
eastern Himélaya. Observations in Kumaon. Bisahr. Across the snowy range. 
Kumaon ; Garhwél; Kunaor; Western Tibet. Lakes. 

WE have seen that the term ‘outer Himalaya’ has different 
meaning according to the sense in which it 
is used. Geographers understand by it all 
the mountain systems lying between the snowy range and the plains 
of India, whilst in the western Himalaya geologists restrict its use 
to the limestone and slate formations that lie between the outlying 
tertiary series and the central crystalline axis. To the geologist 
Simla and Naini Tal are situate on the outer Himflaya, and Ka- 
sauli and Subathu are not ; whilst to the geographer all these hill sani- 
taria are un the outer Himalaya. To obtain a correct appreciation 
of the physical relations of the ranges of the outer Himalaya we 
cannot ignore their geological affinities, but we have as yet no geolo- 
gical details on which we can rely for the greater portion of their 
area. For the tract between the Tons and the Kali we have the 
record given in the preceding chapter and the map that accompanies 
it. A glance at this map will show us that the main line of gneiss 
and granite, which is almost conterminous with the region of perpe- 
tual snow, is met with between the eightieth and ninetieth mile from 
the foot of the Himalaya, and at a distance of from twenty to thirty 
miles south of the Indian water-parting. Between this line of per- 
petual snow and the plains there are numerous well-defined ranges, 
some seemingly spurs from the snowy axis, and of which the geolo- 
gical relation is not well established, and others having an apparent 
separate and independent existence. As we have already noticed, 
the traveller from the plains meets first an outer range, which has 
a@ general elevation of about 6,000 to 7,000 feet above the level of 
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the sea, and which in China above Naini Tal rises to 8,568 feet, 
and in a peak, on the Tirhi road, east of Masuri, to 8,565 feet. 
This band or outer ‘range has a general direction parallel to the 
plains, and is pierced by the greater rivers, such as the Tons, Jumna, 
Ganges, Ramganga (western), Kosi, and Kali. Between it and the 
ridges descending immediately from the snowy range we cross a 
number of subordinate ranges which are, as a rule, of considerably 
less elevation than the outer range. Between China and Dhfkuri 
Binfyak, on the road to the Pindari glacier, a distance of forty-five 
miles as the crow flies, there is no peak having an elevation of 8,000 
feet, and very few attaining to 7,000 feet. But further westward, 
in the same parallel, we have groups of peaks attaining an oleva- 
tion of over 10,000 feet, notably those connected with the Dudu- 
ka-toli range in Garhwaél. When the river valleys close to the 
snowy range are reached, the increase in elevation is rapid and 
marked. The flanking ranges seldom fall below 10,000 feet, and 
are crowned with peaks rising still higher, until the culminating 
ridge crowned with perpetual snow is met. 


If we carefully examine the great sea of mountains lying be- 
tween the outer Himilaya and the snows, 
we shall find that the dominating ranges are 
spurs from the great groups of peaks, remarkable alike for their 
elevation and the position they fill as the boundaries of the several 
river-basins. On the west, the western boundary of the Jumna 
system is found in the elevated ridge that has its origin in the 
group of peaks crossed by the Shatul and Burenda passes. This 
ridge follows the left bank of the Satlaj in asouth-westerly direction 
to Hatu (10,700 feet), where it bifurcates: one branch continuing 
the normal direction to Bilaspur, and the 
second proceeding in a south-easterly direc- 
tion by Chor (12,081 feet), where it forms the water-parting 
between the Giri and the Pabar branch of the Tons. A second 
great ridge, descending from tho Jamnotri groups, and marked 
by the Deoban (9,347 feet), Chakrata (7,300 feet), Chilmeri (7,160 
feet), and Bairat (7,423 feet) peaks in British territory, separates 
the affluents of the Tons from those of the Jumna. The eastern 
boundary of the Jumna system is formed by a great ridge having 
its origin in the same group of peaks, and which joins the outer 
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Himdlaya near the Sarkanda peak to the east of Masuri (Mus- 
sooree). The eastern boundary of the Ganges system is found in 
the great ridge descending in a south-westerly direction from 
the Nandakot peak, and which passes along 
the left bank of the Pindar to its junction 
with the Alaknanda, and thence along the left bank of the Alaknanda 
to Deoprayig. It admits of two great bifurcations: one at the head 
of the Katyur valley and one at the head of the Lohba valley. 
From the group of peaks at the head of the Katyur valley a branch 
passes in a south-easterly direction through Binsar and Dol and 
along the right bank of the Ladhiya to Barmdeo on the Sérda, and 
from the head of the Lohba valley a branch 
rans south-by-east to Gujargarh, whence it 
passes almost dae west to the Ganges at Kharak and Chéndi. The 
tract to the south of these two arms is in shape a great obtuse- 
angled triangle, with its base towards the plains and ita apex in the 
group of hills to the north of Dwéra Hat. It forms the mountain 
basin of the western Rimganga. The eastern boundary of this 
system forms the western boundary of the K4li system, of which 
the eastern boundary is found in a great ridge descending from the 
Api peak in Doti of Nep4l. It is clear from the above brief description 
that it is the spurs from the snowy range that bound the river basins, 
and if we examine further the affluents of each system, we shall see 
that the ramifications from these spurs form the water-parting 
between each minor system. 

The principal affluents of the Jumna system are the Tons and 
the Giri. The Paébar, Rupin, and Supin 
unite to form the Tons, and are separated 
from each other by transverse ridges descending from the great 
boundary ridge. United they drain a delta-shaped basin having its 
apex at Kalsi. To the south-west the Giri drains a similarly shaped 
basin having its apex near Kalsi, and to the east the Jamna drains 
one having its apex at K&lsi. We find that the point of junction 
of the apices of these three deltaic basins lies within the Siwélike, 
the outer range of geographers, and that the union of these three 
main affluents forms the Jumna of the plains. This basin, as well 
as the minor systems within it, is bounded by spurs from the great 
snowy range or transverse ridges descending from them. If we 
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farther examine the relations of the minor feeders of the three great 
constituents of the Jumna system, we see that, as a rule, they flow at 
right angles to their recipients, and that the affluents of these minor 
feeders obey a similar law. The ridge separating the Tons from the 
Jumna gives off feeders on the west to the Tons and on the east to 
the Jumna, at right angles to its direction. From the western slope 
the Dhfragfd, Binol, Shaula,and Manjgaon streams flow to the 
Tons, and from the eastern slope the Ralena, Kutni, and Silo seek 
the Jumna. Each of these minor feeders is separated from the 
other by lateral spurs, descending usually from some peak or knot 
of peaks, aud all, as the veins on a leaf seek the midrib, flow towards 
the mid-depression and give it their moisture. The two great rivers 
that unite to form the Ganges are themselves the centres of 
subordinate systems. The Bhigirathi is divided from the Bhilang 
by a great ridge descending from the Gangotri group of peaks, 
whilst a second ridge having a similar origin separates the Bhilang 
from the Mandékini, an early affluent of the Alaknanda. The Bha- 
girathi unites with the Bhilang near Tirhi, and the two rivers drain 
a delta-shaped tract having its apex at Deoprayag. The Saraswati 
and Dhauli, which form the head-waters of the Alaknanda, are sepa- 
rated from each other by a ridge of snowy peaks, and its more 
southern affluents, the Nandakini and the Pindar, are divided from each 
other by a great ridge descending from Trisul. The entire basin 
of the Alaknanda to its junction with the Bhagirathi at Deoprayég 
is thus a great delta-shaped tract, cut up by the minor feeders into 
subordinate systems that are bounded by great ridges descending 
from the snowy range. Between Deoprayég and Hardwar, the 
Ganges receives from the east the Nay4r and the Hinnal, and from 
the west the Suswa that drains the Dehra Din. All unite within 
the Siwaliks to form the Ganges of the plains. 


We shall now take up the compact system of the Nayér in 
The Naydr, southern Garhwél, which at first sight would 
appear to be an exception to the general 

rules. We find that the boundary ridge that marks its exent is a 
continuation of the great ridge that, descending from the snowy 
peak of Nandakot, runs along the left bank of the Pindar to the 
head of the Lohba valley. Here, as already noticed, this ridge 
bifurcates ; one branch proceeding in the normal direction along 
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the left bank of the Alaknanda to Deopraydg, whilst the second 
branch passes south to Gujargarh and then west to the Ganges 
at Kharak. These two branches mark the axis of highest elevation 
in the tract through which they pass. Following the western branch, 
we have the Dubri peak, 9,862 feet; Dobri peak, 9,862 feet; 
Gandkhola, 7,553 feet ; Devidatta, 7,034: feet ; Kankwala, 6,651 
feet ; Gurdari, 5,893 feet ; Jhangarh, 5,878 feet ; anda peak about 
two miles from Deoprayaég, 5,030 feet. Following the southern 
branch through Gujargarb, we find the second, Duda-ka-toli peak 
with an elevation of 10,180 feet above the level of the sea ; Barma- 
dungi, 9,190 feet ; Nandatopa, 8,086 feet; Khamek, 7,152 feet ; 
Gujargarh, 7,969 feet; Khatti, 8,270 feet; Utain, 6,901 feet ; 
Bukrari, 6,267 feet ; and Naugarh, about a mile above Kharak, 
6,065 feet. Close to the point of bifurcation, the boundary ridge 
sends a lateral spur southwards, that divides the basin of the Nayér 
into two parts, that drained by the western Nayar or Chhiphalghat 
river, and that drained by the eastern Nay&r or Kainyur stream. 
This great spar preserves the superior elevation of the boundary 
ridge, and is marked by the following peaks :—Barari, 8,499 feet ; 
Bandani, 8,278 feet; Panjing, 8,810 feet ; Devitank, 8,849 feet ; 
Matikhal, 7,688 feet ; and Chhatargah, 6,790 feet, when it is lost 
in the valley of the eastern Nayar near Kandui. Short ramifications 
from this spur or the boundary ridge itself determine the course of 
the minor feeders of the two great channels of the Nay4r system. 
Thus a transverse ridge from Dubri, marked by the Téra-ka-kand 
(9,000 feet) and Banjkot (8,203 feet) peaks, divides the Chhiphal- 
ghat river near its source from its feeder at Paithini on the left 
bank, whilst other ridges from Gandkhola, Devidatta, and other 
peaks, separate the other feeders the one from the other. A similar 
rule obtains along the course of the eastern branch, and we thus 
see that there is no real difference in principle between the 
arrangement of the drainage system of this apparently abnor- 
mal minor basin and that of the other greater systems already 
noticed. 

In the system of the western R4mganga, however, we have an 
arrangement for which we find an analogue 
in that of the Bagmati in Nepal. As we 
have already seen, the basin of the Rimganga is in shape a great 
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obtuse-angled triangle, with its apex towards the snowy range and 
its base towards the plains, thus filling up the gap between those 
systems that have their- apices towards the plains and their bases 
towards the snowy range. Of its affluents, the Kosi alone has a 
considerable course within the hills, the remainder having their 
origin in or close above the elevated tract lying along the foot of 
the hills, and joining the Rémganga at some distance southwards 
in the plains. Here, although the main boundary ridges are still 
the spurs descending from the snowy range, the several streams 
do not unite within the outer range, but, like the Bégmati and its 
affluents, well beyond it in the plains. The Kéli is known as the 
Yankti near its source, as the Kali during the greater portion of 
its course through the hills, as the Chauka 
or Sérda in the Bhabar and Tardi, and as 
the Sarju and Ghogra in Oudh to its junction with the Ganges, to 
the south of the Ghazipur district. The Kali basin is bounded on 
the west by that-of the Ganges, and on the south-west by that 
of the western Ramganga. It receives from the west the Gori, 
Sarju, and Ladhiya, and from the east some small streams from 
Nepal, all of which unite within the hills to form the Sarda at 
Barmdeo. The Sarju is divided from its affluents, the eastern Ram- 
ganga, by a great meridional ridge, extending from their sources 
to their junction, whilst a second ridge, running in a south-easterly 
direction from the same group of peaks to Askot, separates the 
latter river from the Gori. The great Pancha-chuli range, running 
south-east from the line of water-parting, divides the basin of the 
Gori from that of the Dérma Y4nkti, and a similar snowy range 
having a like origin separates the Darma Yénkti from the Kuthi 
Yankti. The great mass of peaks comprising Trisul, Nanda Devi, 
and Nanda-kot thus send forth great boundary ridges from their 
entire southern face to the west between the Riniganga and 
Nandékini:. to the south-west between the Nand&kini and the 
Pindar, and between the Pindar and the Sarju; to the south be- 
tween the Sarju and the eastern Ramganga ; and to the south-east 
between the last river and the Gori. These indications are suffi- 
cient to mark the salient features of this portion of the Himalaya, 
and we reserve the details for the Gazetteer articles of this 
notice. 


Kéli. 
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The mountain system lying between the snowy range and the 
plains may therefore be said to consist of 
an outer =ange parallel to the snowy range 
and connected with it at wid: intervals where it meets the great 
ridges descending therefrom. “hese latter bound the river basins, 
and the ramifications from them determine the course of the minor 
feeders of each system. We have now to consider the snowy range 
itself, and in these provinces at least it is a well-marked feature, 
lying from ten to twenty miles to the south of the Indian water- 
parting. The line of snowy peaks seen from Naini Tal and Masuri 
all lie to the south of the passes by which travellers cross into 
Tibet. The route by Nilang in foreign Garhwal through the Jadh 
valley crosses north of the Jamnotri group ; that by Mana in Bri- 
tish Garhwal lies to the north of the Kedarnath group ; that by 
Milam in Kumaon behind the Nanda Devi group ; and that by the 
Lanpiya-dhira, also in Kumaon, behind the Panchachuli group. 
The Jédh Ganga runs in a valley parallel to the snowy range and 
the line of water-parting, at an elevation of 15,000 feet above the 
level of the sea, near its source at Suinla, but gradually falling to 
below 9,000 feet at its junction with the Bhagirathi, near Bhairon- 
ghati. The horizontal distance between these two points is a little 
over 17 miles, and the fall is therefore over 350 feet in a mile. The 
Vishnuganga or Sféraswati descends from the Mana Pass at 18,000 
feet above the level of the sea to Vishnuprayag, a distance of some 
35 miles, where it is little over 5,000 feet. Here we have an 
average fall of about 370 feet in the mile. The increase in elevation 
from the place where the river valleys enter the area of greatest 
elevation is equally marked in the valleys of the Dhauli, the Gori, 
and the Darma river. Dharchula on the Kali, before the line of 
snowy peaks is reached, is only 2,750 feet above the level of the sea ; 
whilst Golam La, to the north and above that line, and about 1,500 
to 2,000 feet above the bed of the Kali, is 8,000 feet above the level 
of the sea. The bed of the KAli at Changru is 10,000 feet, and in 
the twenty-five miles between it and the Lanpiya-dhura Pass the 
fall is over 8,000 feet, giving an average fall of 400 feet to the mile. 
These facts well illustrate the law that the river beds’ to within a 
distance of ten miles in a direct line from the snowy peaks seldom 
1 Bee page 8. 
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exhibit a rise of more than four or five thousand feet ; but when we 
cross the line on which the great peaks are situated, the ascent very 
rapidly increases, and a very few miles carries the river-bed up to 
an altitude of nine or ten thousand feet, thus showing that the sudden 
increase of height of the mountains along this line is not confined 
to the peaks alone, but is a general elevation of the whole surface. 


This sudden and steady rise in elevation when the line of snowy 
Axia of highest eleva. Speaks is reached appears to be a well- 
tion. marked feature of the entire Himdlayan 
range. The snowy peaks, however, do not occur in a continuous 
ridge, but in masses separated the one from the other by deep depres- 
sions that form the line of drainage for all the surplus moisture of 
the tract between the snowy range and the line of water-parting to 
the north. These depressions are, so far as we know, a more distinc- 
tive feature of the Indian than of the Turkish slope of the Himalaya~- 
Tibetan mass, a fact doubtless due to the greater rainfall received 
by the former. The influence of the monsoon on the southern slope 
is shown in its supporting a more dense and varied vegetation, and 
even on individual ranges and hills the southern exposure is similarly 
strongly marked in Kumaon. It is the ceaseless action of water 
that has furrowed out these valleys from the great mass, and natur- 
ally this has been accomplished on a greater scale and with more 
results along the southern slope that receives the full force of the 
periodical rains. The mass of peaks known as the Gangotri, 
Kedfrn&th, and Badrinéth groups, are separated from the next 
group to the east by the valley of the Saraswati, and this group 
again from the Nanda Devi mass by the Dhauli river. The last is 
again divided from the Panchachili group by the valley of the 
Gori, and the latter from the succeeding group by the Dérma 
valley. All these valleys are inhabited and cultivated during the 
summer and rains, and some of them are comparatively of consider- 
able extent. The masses of snowy peaks are more like the terminal 
ends of huge spurs descending from the line of water-parting than 
a continuous ridge. They, however, occur in regular sequence 
along the entire line of the Himélaya, and, as seen from the plains, 
have the appearance of a connected chain. The following table, show- 
ing the principal peaks that occur throughout some eleven degrees 
of longitude, will give some idea of their number and importance. 
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Points on the Himdlaya mountains arranged in order of longitude by 
Mr. Trelawny Saunders, from the records of the G. T. 8. 





I. | Chumalari see ee 
Il. | Gipmochi tee 
TIT. | Pavbunri (Donkia)... Saf 
IV. | Chomunkn (Chola)... eos 
V. | Black rock (Guaream) vee 
VI. | Narsing... ate wae 
VII. | Pandim.. bes see 
VIII. Kanchanjinga tee sas 
IX. - wos wee 
X. | Kabra see we 
KI. | Jannu ees be 
X11. ; sad 


” eee 

XIII. | Sihsur wat ae 

XIV. | Chamlang E. Nes wee 

XV. | Mount Everest tee bee 

XVI. | Chamlang W. : sf 
XVII. | Sankosi 


J abjbiya 


Dayabang 


KXVL sie oie 
XAVII. 3 me cee 
XXVUI. | Yassa eee Pe 


” 
n vee 





XXXI Z 

LAME 28 29 18|84 13 56| 22,947 
XXXII U y 
X XXIV Barathor ... | 28 32 0] 84 9 52| 26069 
XXXV . | 28 32 6/84 7 32] 24,718 
XXXVI .. | 28 34 58184 1 57) 24,780 
XXXVII Morshiadi [28 29 37] 83 59 22| 22,964 
XXXVII o ... | 28 29 48183 59 20! 22.986 


28 35 38/83 51 46) 26,592 
28 30 591/83 50 55| 93,641 
28 39 11) 83 46 22] 23,471 
41 43/83 32 9| 96,826 
45 39 | 83 25 62| 26,466 


43 56] 83 24 18] 94912 
44 2)83 21 20| 25,095 


28 
28 
28 
28 
28 
28 
28 43 49/83 15 9] 94181 
28 44 47/83 11 18 | 393.779 
28 44 30]/83 9 29| 91.727 
28 45 53 |83 98 27] 91,472 
28 
29 
30 
30 


Chanbiei eee aoe 49 33 | 82 39 33] 19,415 


Peichachtli a es 


12 51/80 28 9| ss673 
15 12]80 25 5\| 91471 


bd od 
ane any 
ASE 
r “« 
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Points on the Himdlaya mountains arranged in order of longitude by 
Mr. Trelawny Saunders from the records of the G. T. S— __ 




















(concluded. ) 

Number. » Name of peak. Latitude. | Longitude. |Altitude. 
LVI. | Nandakot eee 30° 16’ 51”| 80° 6’ 397! 99,538 
LVII. | Nanda Devi vee 30 21 58|80 2 21) 24,417 

LVIII. | Nanda Devi sé 30 22 31 | 80 O 50] 25,661 
LIX. Do. oes 30 22 35]80 O 46] 25,587 
LX. | Bast Trisal : 30 16 14179 54 51 | 92342 
LXI. Do. vo 30 30 56)79 54 311} 23,092: 

LXII. | West Trisal _ 30 18 43/79 49 71 23,882 

LXIII. | Nandékna es 30 22 91/79 45 40| 19.916 

LXIV.| Do. ‘ns 30 20 56179 45 36 | 20,799 

LXV. Do. eee 30 20 67179 45 35] 20,773 
LXVI. | Do. 5 30 41 6/79 44 53} 29,093 
LXVII. | Kamet (Ibn Gamin) 30 55 13179 38 4 | 25,373 
LXVIII. | Nilakanta oes 30 43 52179 26 56] 21,661 
LXUX. | Badrinath vee .. | 30 44 161779 19 90] 93.210 
LXX.| Do. See .. | 30 43 92179 17 52] 92,511 
LXXI Do see ve | 830 46 44179 16 58 | 22,347 
LXXII. Kedarnath eee ous 30 47 53 79 6 34 22,790 
LXXIII, | Thatlaségar eee «. | 30 51 40|79 2 14] 29,582 
LXXIV. Do. asa o | 30 51 41179 2 13] 22,628 
LXXV, | Jaoni see «. | 30 61 18 | 78 53 53] 21,672 
LXXVI | Bas or Srikanta_... oe | 30 57 25 | 78 50 50} 20,149 
LXXVIL | Bandarponchh one we | 31 0 12) 78 385 45 | 20,758 
LXXVIII. | Jamnotri se w | SL O 25] 78 34 G6] 20,038 
LXXIX. | Swargaruini aos ow | 31 O 8] 78 32 32) 20,405 


ree ne 

After crossing the line of water-parting which, as we have seen, 
lies at the valley heads to the north of the 
line of snowy peaks, we coime upon the 
great Tibetan plateau which has a mean elevation of from 13,000 
to 17,000. feet above the level of the sea. Puling on the plateau 
by the Nilang route is 13,800 feet, Chiurkung on the Mana route 
to Totling is 15,700 feet, Chitung-dhfr on the Unta Dhura route 
to the Satlaj is 15,810 feet, and Buljuing near the head-waters of 
the Karnali is 15,850 feet. Rabgyaling is 14,000; Gartckh, 
14,240 feet; Tirthapuri, 14,820 feet; and lake Rakas Tél over 
15,000 fect above the level of the sea. ’ Captain H. Strachey has 
described' the Tibetan tableland lying between the Indian and 
Turkish water-partings “as the flat top of a great embankment 
exhibited in all its thickness in the scarp of the Indian Himalaya: 
the summit, though deeply corrugated with valleys and mountains 
in detail, being in its general relief laid out horizontally at a 


Tibetan plateau. 


1 On the pliysical geography of Western Tibet : London, 1854, 
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height little inferior to that of its southern scarp.” Although the 
highest summits yet known and measured lie along the Indian 
slope, very lofty peaks have been seen in all parts of the interior, 
“and the passes which must be crossed to get from one Tibetan 
valley to another, even in the very central axis of drainage, 
generally equal those by which Tibet is reached from India:” so 
that, on the whole, Captain Strachey was of opinion that the medial 
depression is but faintly marked in the beds of the great rivers 
without much affecting the mean elevation of the mass. His 
description of the mountain system of that portion of Tibet lying 
to the north and west of Kumaon is the test that we possess, and 
will usefully conclude our brief review of the features of this 
portion of the Himélaya-Tibetan mass. “The mountains that com- 
pose the bulk of West Nari are not easily understood or defined. 
On ascending the highest passes we can seldom see anything but a 
contracted view of mountain tops on all sides, looking very like 
chaos: no general view of ranges under our feet is ever obtainable 
as the passes naturally select the ravine-heads and lowest points 
of the ridge which are not only flanked but often almost surrounded 
by the higher summits; and the valleys are commonly so steep and 
narrow, especially in the Rong country, that the view can hardly 
ever penetrate to an alluvial bottom and the sight of any inhabited 
place from « pass top is most unusual. When travelling along the 
bottoms of the valleys, we generally see nothing but a narrow 
tortuous passage between steep rocky walls, shutting out all extended 
view, and rather concealing than exhibiting the mountain ranges of 
which they form but the lowest outworks; consequently it is only 
by an extended series of observations and inferences, joined and 
assisted by maps, that any regular arrangement of these mountains 
can be distinctly established, and my account of them is liable to 
error in proportion to the defects of my own map. The general 
plan of the mountain system appears to me to consist of a series of 
parallel ranges running right across the breadth of the tableland 
in a direction so extremely oblique to the general extension of the 
whole as often to confound the one with the uther, or to convert 
the transverse direction to a longitudinal one. The annexed figure 
may help to explain this. Short transverse necks connecting the 
main ranges in some parts, and cross fissures cutting through 
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them in others, together with projecting spurs of a secondary 
order, will 
suffice to con- 


vert the sup- y 

posed primary é 
arrangements 

into all the 

existing 

varieties of 


valley and 

drainage. 

Such connecting necks, when above 18,000 feet, become more or 
less confounded with the main ranges, and, if not above 17,000 feet, . 
often appear as low watersheds, just dividing the heads of two val- 
leys lying in one line, but draining opposite ways. Secondary 
spurs also may he so high and so obliquely joined to the primary 
ranges as to make it difficult to distinguish between the two ; and 
the cross fissures may sometimes admit a main river to pass through 
a main mountain mass, in which case the continuity of the range 
is often evidenced by the extreme narrowness of the rocky gorge 
or height steepness, and geological correspondence of its sides. 
Much of the Indian watershed seems to be formed in this way, 
the great snowy peaks lying mostly on the terminal butt-ends of 
the primary ranges, sometimes widened by lateral spurs, and 
the Tibetan passes crossing the low connecting links, whose 
alignment forms the main watershed, but not the main mountain 
crest.” 


It seems strange that so late as the year 1847 the occurrence 
of glaciers in the Himalaya was considered 4 -aatter of doubt by 
the learned in Europe. There is now no fact more widely attested 
and more thoroughly established than the 
existence of glaciers at the head of almost 
every valley that descends from the ranges covered with perpetual 
snow. In size and importance they also fitly compare with those 
stupendous peaks around them that have placed the Himélaya in 
the foremost rank of all the mountains of the earth. Colonel 
Gordon gives us! illustrations and deseriptions of the great glaciers 

1 Roof of the World, [%. 
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met by the Yarkand Mission on the journey between Leh and the 
Kérakoram pass. He mentions the lower Kumdan glacier that 
comes from the high peaks to the north-west, and continues down 
the right bank of the stream for over two miles, “ forming a perfect 
wall of ice, rising from the water about 120 feet, and showing a 
surface covered with countless pinnacles and points.” The Remu 
glacier, also seen by Colonel Gordon, rises amongst peaks and 
ridges from 19,000 to 24,000 feet high. “ It is about 21 miles in 
length and from one to one and three-quarters mile broad, termi- 
nating,at an elevation of 15,800 feet above the level of the sea, with 
a width of about three miles of gigantic cliffs of ice fully 250 feet 
high.” He adds :—“ the glaciers of the western Himdlaya are twice 
as extensive as those of the Alps, and are probably the largest in 
the world, or at all events larger than any others out of the polar 
regions. One in the Muztdgh range is believed to be 34 miles long 
with fifteen distinct rnoraines ; while in its immediate Vicinity is 
another, 31 miles in length, which may be said to join with it in 
making 65 miles of continuous ice.” Other glaciers have been 
described by travellers in the ranges between Laddék and GarhwéAl. 
In the tract with which we are more immediately concerned we 
have glaciers at the head of the Jadh Ganga, the Bhagirathi, Vishnu 
Ganga, Dhauli, Kailganga, Sundardhinga, Pindar, Kuphini, eastern 
Ram-ganga, Gori, and Darma Yénkti. Lieutenant Weller’ in his 
visit to the source of the Gori near Milam, describes that river as 
coming “ out in a small but impetuous stream at the foot of appa- 
rently a mass of dirt and gravel some 300 feet high, shaped like a 
halfmoon. This is in reality a mass of dark-coloured (bottle-green) 
ice, extending westward to a great distance, and covered with stones 
and fragments of rock which in fact form a succession of small 
hills.” Here and there were circular and irregularly shaped craters 
(as it were) from 50 to 500 feet in diameter at top, and some of 
them 150 feet deep, and higher up these gave place to narrow 
fissures. This glacier is between seven and eight miles long, and 
terminates at an elevation of 11,600 feet above the sea. The glacier 
of the Pindar in Kumaon is the one, however, regarding which we 
have the most complete informatiom, and we shall confine ourselves, 
therefore, to its description in detail. . 
1J., A.S., Ben, XI., 1166, 
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The Pindar river' is an affluent of the Alaknanda, and has its 
rise in a glacier to the west of the Nandakot 
peak and its valley, where the glacier ends, is 
about a mile across between the precipitous mountains that bound it. 
From the foot of the rocks on either side the bottom of the valley slopes 
inwards with a moderate inclination, leaving in the middle a hollow 
about 300 yards wide and 250 feet deep, with very steep banks, at the 
bottom of which flows the river. This comparatively level space 
between the precipiees on either side and the river bed is observable 
for a. mile or more below.the end of the glacier, though much cut up 
by watercourses. The glacier occupies about two-thirds of the whole 
breadth of the head of this valley, leaving between itself and the 
cliffs on the east an open grassy slope, which extends along the foot 
of the moraine for upwards of a mile and a half above the source 
of the river, and which seems to be a continuation of the level space 
before mentioned. The first appearance of the glacier is thus 
described :—“ It.seems to be a vast rounded mass of rocks and ground 
utterly devoid of any sign of vegetation, standing up out of a grassy 
valley. From the foot of its nearer extremity the river, even here 
unfordable, rushes in a turbid torrent ovt of a sort of cave ; the top of 
which is but a few feet above the surface of the water (May). The 
end, immediately over the source of the river, is very steep and of a 
dull black colour. It is considerably fissured, the rents appearing to 
arise from the lower parts, tearing themselves from the upper by their 
own weight. On a closer examination this abrupt end proves to be a 
surface of ice covered with sand and gravel and curiously striped by 
the channel made by the water that runs down it as it melts. Behind 
this, the glacier rises less s’*eply, like a bare gravel hill, to its full 
height, which is probably about 500 feet above the water of the 
river when it leaves the cave. In some places, however, are seen 
great fissures both vertical and horizontal, the latter evidently made 
by the separation of regularly stratified layers.” 

The glacier is formed by the meeting of two ice streams from 
gorges, one coming from the north-west and 
the other nearly from the east, and which 


1 From “A description of the glaciers of. the Pindar and Kuphini rivers in the 
Kumaon Himfélaya,” by Lieutenant R. Strachey, Ben, Eng. J.,A.8 B., XVI, 
794, and ‘“ Note on the motion of the glacier of the Pindar in Kumeen” by the 
same. Ibid., XVII, ii., 208, and given as nearly as possible m the writer's. words as 
the only acientific examination of these glaciers that we possess, 
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meet about two miles above the source of the river, as shown in the 
accompanying sketch. 

The feeder from the north-west is larger than that from the east, 
and its surface is at a considerably higher level for some hundred 
yards below their first junction. It descends with a great inclina- 
tion, entirely filling the gorge, down which it comes in a cascade of 
ice. It assumes the general appearance of a confased mass of 
irregular steps, which are again broken up transversely into peaks 
of every shape. The west side of this cascade continues nearly in 
its original direction after having passed the point below which the 
glacier bends sharply to the south-west, and in this way completely 
-erosses the glacier. The steps in which it falls, however, also 
gradually change their direction so as to remain nearly perpendi- 
cular to the general current of ice The transition to the regular 
level ice is very sudden, and begins much higher up on the west 
than on the east side. Near the foot of this ice-fall the steps were 
observed to have their tops considerably overhanging. A small 
tributary, also descending in cliffs of ice, joins the main glacier 
from a ravine on the east, not far above where it takes the sudden 
bend. The feeder from the east is formed by the union of two 
smaller glaciers, one from the north-east and the other from the 
south-east, which is the larger of the two. The north-eastern tribu- 
tary appeared to have no very steep inclination, but was consider- 
ably broken up at its junction with the other. Another small glacier 
joins the main one from the north-west, a short distance below the 
point where it bends southwards. Its inclination is very great, but 
it perfectly maintains its continuity of stracture to the bottom. 


The lateral moraine of the west side of the northern branch of 
the glacier is first seen near the bend, where 
it shows itself as a black band along the 
edge of the ice which in other parts of the fall is quite white. The 
moraine is small between the bend and the tributary glacier below 
it, but very rapidly increases, and in its lower parts is a chaos of 
desolation. This great addition to the size of the moraine is owing 
to the quantity of débris brought down by the small glacier. The 
ice below the junction is much broken up by crevasses, and rocks 
and gravel from the moraines on both sides of the tributary glacier 
are scattered over the space between them, and the moraines gt 


Moraines. 


184 HIMALAYAN DISTRICTS 


firet sight seem to lose their distinct form. Although there is no 
clear ice between the moraine that originates on the east of the 
tributary and the west side of the glacier, the identity of that 
moraine is sufficiently marked by its colour and by the regular rise 
above the general surface of the glacier of its top, which remains 
tolerably even for some way down, being beyond the limit of the 
disturbance caused by the crevasses along the edge of the glacier. 
About half way down to the lower end of the glacier, however, the 
full action of these crevasses reaches the whole of the moraine, and 
it is scattered or lost sight of in the general confusion of surface. 
An epoch of peculiar destructiveness to the mountains is marked in 
one part of this moraine by the accumulation of huge masses of 
rock from 20 to 30 feet square and as much as 15 feet high, and 
the stone found on it are generally larger than those on any of the 
other moraines. The true west lateral moraine, below the tributary 
glacier, is not very large, nor is its top much elevated above the 
bottom of the valley, excepting quite at its end. 


The lateral moraine of the south-eastern side of the glacier is 
very large. Its top rises, on an average, probably 250 feet above 
the bottom of the valley. Along its foot runs a stream, gradually 
increasing in size, that collects the open drainage of the outer 
‘slopes of the moraine. The lower part of this slope is a mass of 
loose stones and earthy gravel which rolls down frem above, as the 
face of the ice which is visible in the upper fifty or sixty feet of 
the slope melts and recedes, a process that is constantly going on. 
On the inner side the slope of the moraine is thirty or forty feet 
above the level of the clear ice of the glacier. The upper part of 
the moraine comes down nearly straight from the point where it 
meets the foot of the north moraine of the east glacier. The 
north branch glacier being considerably higher than the eastern, 
the moraine slopes down from the bed of the former to that of 
the latter, forming a deep angular depression where they meet, that 
gtadually diminishes in depth up to the top of this glacier, which 
is here entirely covered with débris, the moraines of its two sides 
being scattered all over it for some distance above its union with 
the north or main branch. The resulting appearance is that the 
northern branch runs over the eastern, or that the latter runs into 
the former and is absorbed by it. The eastern tributary brings 
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down moraines that spread over the whole of its breadth at its 
extremity. Besides these lateral moraines there is a medial one 
that is first seen as a dirty stripe along the ice cliffs of the fall at 
the head of the north glacier. As it comes down the level ice it 
gradually begins to assume the decided appearance of a moraine, 
and increasing by degrees at last becomes very large. It conti- 
nues in a well-defined form for some short distance beyond where 
the western moraine is dispersed, but there it also is scattered over 
the ice, and the two become blended together, and ultimately 
extend to meet the débris, which is similarly dispersed by the 
eastern moraine from the opppsite site of the glacier. The whole 
of the moraines, in the middle of the length of the glacier where 
it is most regular, are very considerably raised above the general 
surface of the ice, which in some parts may be as much as one 
hundred feet below the tops of the western and medial moraines. 
It would appear that this great elevation is not so much due to the 
accumulation of débris as to the protection afforded by the superin- 
cumbent rubbish to the ige below which prevents its being melted. 
The clear ice beyond the moraine is constantly depressed where ex- 
posed, and on the very tops of the moraines pure ice was often seen 
hardly covered by stones. The protection afforded by the lateral 
moraines raises the sides of the glacier so much that a very consi- 
derable hollow is caused in its middle, which is a striking feature 
in the first appearance of its lower extremity. 

The ice of which the glacier is composed is perfectly pure and 
clear, but where seen in considerable masses, 
stripes of a darker and lighter bluish green 
are distinctly visible. It is composed of bands of ice containing 
small air bubbles, alternating with others quite free from them. 
In many places the surface presents a striate¢ appearance, arising 
from the different degrees of compactness of these differently co- 
loured bands and their consequently different rates of melting. 
The direction ot these coloured views as seen in crevasses showed 
a dip inwards or towards the fongitudinal axis and a dip upwards 
or towards the origin of the glacier in every part, the stratification 
being more perpendicular towards the head and more nearly horizon~ 
tal in the lower parts. The direction of the strata in place was also 
very clearly marked in many parts of the ice, and was placed in 
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curves, having their branches nearly parallel to the sides of the 
glacier and their apices directed downwards, the carvature in the 
centre not being at all sudden. No dirt bands were observed. The 
crevasses were neither very numerous nor very formidable. They 
are developed across the direction of the glacier’s length on both of 
its sides, commencing from the small tributary on the west side and 
from the union of the eastern glacier on the other, and continuing 
almost to the end, those on the west side being, perhaps, the larger. 
They are generally wider towards the edges ef the glacier, closing 
up as they approach the centre. They are nearly vertical, and are 
directed from the sides upwards or towards the head of the glacier, 
those on the west bearing nearly east and west, and those on the 
east bearing nearly north and squth, thus forming angles of 
about 45° with the axis of the glacier. Many pools of water 
(Laignoirs) were seen on the surface of the ice ; some of the largest 
were said by the guides, who are in the habit of visiting the glacier, 
to be found in the same place every year. The clear surface of the 
ice everywhere assumes a more or less undulating appearance from 
the action of the water that drains from it as it melts and the small 
streams, into which the drainage collects, end by falling into some 
of the crevasses. The remains of the last winter’s snow was hardly 
perceptible on any part of the glacier. The occurrence of stones 
standing up on bases of ice (glacier tables) above the general sur- 
face of the glacier is common, but those seen were small. The rocks 
below the bend in the north-western glacier were covered with 
grooves or scratches, sloping in about the same direction as the 
surface of the ice at the spot. These grooves extend to twenty or 
thirty feet above the present level of the glacier. Almost in every 
place a space was left between the rock and ice, the latter appearing 
to shrink from contact with the former, due doubtless to the heat 
of the rock melting the ice. 


The Kuphini river, that rises on the side of the Nanda-kot 
peak, opposite to the Pindar river, has also 
its source in a glacier. Both rivers unjte 
at DwaAli, about eight miles from the end of the Pindar glacier 
and about six miles from the end of that of the Kuphini. General 
Strachey examined the Kuphini glacier also, and describes the 
valley for a mile or two below the end of the glacier as having 
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very much the same general character as that of the Pindar, out 
somewhat more rugged and desolate in appenrance. The glacier 
commences about two miles above the source of the river and fills 
the whole breadth of the valley, which is about three-quarters of 
a mile broad in its upper part. The glacier begins in a precipitous 
fall of ice some sixty or seventy feet high, which, however, still 
exhibits the ribbon-like structure. From the foot of the fall the 
surface was very even, though the slope was still considerable. 
The main glacier of the Kuphini is joined by two small tributaries 
on the east and by one on the west, all of which are highly 
inclined and bring down considerable quantities of débris. The 
moraines are confined to the sides of the glacier, though many small 
stones are scattered over every part of the ice. As was observed 
on the Pindar, the protection given by the lateral moraines to the 
underlying ice leads to the promotion of a medial depression in 
the glacier at itsend. The crevasses here, too, are most strongly 
marked near the sides and are inclined at an angle of about 452 
from the longitudinal axis downwards. The structure of the ice 
was in all respects similar to that found on the Pindar. On the in- 
teresting question of the extension of glaciers at a remote period 
the inquiries of General Strachey give no precise information. 
He, however, considers that “some very decided change in the 
state of things is certainly indicated by the long plateans before 
mentioned running for a mile or two below the present termina- 
tions of both glaciers nearly parallel to the rivers, but several 
hundred feet above them.” He considers it “ impossible that these 
level banks above the rivers have been caused by deposits from the 
ravines in the sides of the valleys, for such deposits would have’ had 
very irregular surfaces, and indeed their present effect in destroy- 
ing the regularity of the plateaus is everywhere visible. | Had the 
same appearancc been noticed in any other part of the river's 
course, it would at once have been attributed to the action of 
water at some former period, and it would have been supposed that 
the bed had afterwards been excavated to its present depth. If 
this was the case, the glaciers which tie plateau was forming must 
either have terminated considerably higher up the valleys or have 
stood altogether at a much higher level. In either of these ways 
the water could have been delivered at a level sufficiently high to 
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form the plateau. But it may admit of doubt whether the quan- 
tity of water in the rivers, as they are at present, is sufficient to 
account for such an extent of level deposit or for such a depth of 
erosion of their beds; for at this great elevation they are not 
subject to those violent floods that occur lower down, and for nearly 
half the year too they are inert. The only other way of account- 
ing for the appearance is that it has been occasioned by an extension 
of the glacier, and that the level top of the plateau shows the limit 
to which the tops of the moraines reached, as the glacier gradually 
receded.” We have referred on a previous page’ to the existence 
of evidence of glacial action far below the present limits of glaciers, 
and to those who wish to pursue the subject further we commend 
the records of the Geological Survey and the summary? in the re- 
cently published ‘ Manual of the Geology of India.’ 


General Strachey has rendered us another important service in 
Motion of the Pindar his observations on the motion of the Pin- 
glacier. dari glacier recorded in May, 1848. His 
procedure is thus stated. About 200 yards below the small tributary 
that enters the main glacier from the north-west a moraine was found 
heaped up against an almost perpendicular wall of rock, and suffi- 
ciently high to command a view of the greater part of the surface 
of the glacier along the line on which observations were to be 
made. This line, which is nearly perpendicular to the general 
direction of the glacier, was marked by two crosses painted white, 
one on the rock in contact with the old moraine and one on a cliff 
on the opposite side of the valley. A stake was driven into the 
moraine at its highest point, close to the rock, on the line between 
the two crosses, and a theodolite was set up over it. Five other 
marks were also made on the glacier at intervals along the same 
Jine by fixing stakes in holes driven in the ice with a jumper. 
These marks, which were all carefully placed on the exact line be- 
tween the crosses by means of the theodolite, were completed at 
about Oh. 30m. P. M. on the 21st May. On the following day the 
theodolite was again set up on the same place as before, and being 
properly adjusted, the cross-wires of the telescope were directed to 
the cross on the cliff on the opposite side of the glacier. A stick was 


then set up near the first of the five marks that had been made the 
1P, * Pp, Lzx,, 372, 378, 586, 689, 
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previous day, and was, by means of signals, moved up or down the 
glacier, till it appeared to coincide exactly with the cross-wires of 
the telescope, and consequently to be exactly on the line between the 
two crosses painted on the cliffs. The distance between the centre 
of the stick and that of the fixed mark was then measured, which 
evidently showed the downward progress of the ice at that point of 
the glacier, since the marks were made the day before. The same 
procedure was followed at each of the marks. The results were 
as follows :— 


Distances of fixed marks from standard line, 
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The motion in 24 hours of the several marks will also be found 
to be— 
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The progress of the lower extremity of the glacier was likewise 


approximately measured by observing the apparent angular motion 
of a pole fixed on the top of the eastern moraine, and of a conspicuous 
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rock lying not far from the middle of the glacier. The resufts of 
these observations were— 





Mean motion Cin inches) of ice in 24 Kours, 
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A comparison of the motion of the upper and lower parts of the 
glacier gave on the lateral moraines 4°8 inchs as the mean motion of 
the ice in 24 hours in the lower part of the glacier, and 5:3 inches 
in the upper part, and in the middle of the glacier 9-4 inches as the 
mean motion for the lower part, and 10 inches for the upper part 
of the glacier. The elevation of the foot of the glacier at the source 
of the Pindar is 11,929 fcet, and of the theodolite station, where 
these observations were made, was 12,946 feet above the sea. 


We have made mention of the snow-line or limit of perpetual 
. snow,! which has, at times, given rise ‘a con- 
Snow-line. ; 1 ‘ : : 

siderable discussion. The height at which 
precipitations of vapour fall to the earth’s surface as snow varies 
with the temperature of each particular place, and with the annual 
or even diurnal oscillations of the temperature. In Bhutén and 
Sikkim the ordinary winter limit of snow is about 6,000 feet, and 
it is rare, says Dr. Hooker, for even three inches to remain on the 
ground as many days at 7,000 feet. According to General Stra- 
chey, the height at which snow is certain to fall in Kumaon is about 
6,500 fect, and at an elevation of 5,000 feet it will not fail more 
than one year out of ten. The lowest level to which sporadic falls 
of snow are here known to descend is about 2,500 feet, of which 
there are two authentic instances on record since the British occu- 
pation, the first in 1817 and the second in 1847. In the valley of 
Kashmir, at an elevation of 5,500 feet, the snow falls every year,’ 


1 These observations on the snow-line are based on the article in J., A.S, 
Ben., XVIII, i. 287, entitled, ‘On the snow-line in the HimAlaya,” by Lieutenant 
R, Strachey, Engineers, on notes placed at my dis by the same writer, and 
on the worko of recent travellers. * Hooker, Quar. J., Hort. Soc., VIL, 144; 
Griffith Post. Papers, I., 236, * Moorcroft, IL, 107, 
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ond farther west as low as 4,000 feet, whilst at least one fall of 
snow is recorded at Peshawar, which has an elevation of only 1,250 
feet above the level of the sea.' Campaigning experiences during 
the late war show that the winter snows descend to a very low eleva- 
tion in the valley of the K4bul river and at Kandahér. If we 
follow the lewer boundary of the winter snow on a mountain as it 
melts with the advance of summer, we at length ascend to a height 
at which the summer influence is insufficient to entirely melt the 
snow, and from which, as the season advances towards winter, we 
have gradually to descend in order to follow the line of snow. The 
line to which the snow recedes, and frou. which it again advances 
in one complete revolution of the seasons, is called the snow-line. 
The snow above that line is called perpetual snow, not as observed by 
Professor Forbes, that the continuance of snow at any spot implies 
that it never melts there, but only that sume always remains unmeltéd. 


According to our best authorities, the height of the snow-lino 
Observations in the OM the most southern exposures of the 
eastern Himflaya. Himdlayan slope that carry perpetual snow 
ranges from 15,000 to 16,000 feet all along that part of the chain 
that lies between Sikkim and the Indus, whilst to the north 
towards Tibet it has a considerably higher elevation. Before pro- 
ceeding further we may observe, with General Strachey, that “ all 
estimates of the snow-line are, in the very nature of things, subject 
to no little uncertainty ; for, independently of the variations of the 
seasons from year to year there are naturally considerable differ- 
ences in the level at which the snow lies on steep or slight slopes 
and on north or south exposures, between the latter of which a 
difference of as much as a thousand feet may at times be observed. 
Besides this, too, there is some practical difficulty in the actual 
observation of the snow-line, for the process of judging by the eye 
whether the snow upon one’s path and still more on contiguous 
mountain sides oegins to exceed the bare spaces is neither easy 
nor susceptible of much precision. Hence the errors and uncer- 
tainty to be looked for in all our conclusions must be considerable, 
amounting no doubt to several hundred* feet.” Dr. Hooker 
estimated the height of the snow-line on the most svuthern 
spurs of the snowy mountains in Sikkim to be at about 15,500 
3 Bom. Geog. Jonr., X., 39, 5 Captain H. Strachey, J. R.G. 8., XXIII, 69, 
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feet.) Of the peaks covered by perpetual snow, the elevation of which 
is noted in Dr. Hooker’s map, Chola, on the boundary between Sik- 
kim and Bhutén, is the lowest, (17,300 feet), and at the same time 
the most southern and the Chola Pass immediately to the south of 
the peak, and rising to 14,900 feet, he found to be free from snow 
at the beginning of November. Somewhat further to the north, 
near Youngbong, the lower limit of perpetual snow was directly 
measured in September and found to be nearly 16,000 feet. To the 
west of Kanchanjinga in eastern Nepal, the south-eastern descent 
from the Kambache pass was found to be free from snow, a little 
from the summit, at the beginning of December, and on the northern 
approach the snow was supposed to become perpetual at about 15,000 
feet, though the fresh falls of the previous October forced Dr. Hooker 
to be in some measure guided by the people of the country in this 
estimate. On the ascent to the Wallanchun or Wallungsum pass 
the snow-line was again estimated, though under similar circum- 
stances of doubt, to be at 15,000 feet. The Pandit crossing the 
same pass, his Tiptala, on the 16th August, 1871, found it covered 
with snow,? and Dr. Hooker on December 31st, 1848, crossed 
“with snow on both sides up to the shoulder.” 

The following are the resu{ts of trigonometrical measurements 
of the elevation of the inferior edge of the 
snow observed on spurs of the Trisil and 
Nanda Devi groups of peaks, made by General R. Strachey before 
the winter snow had commenced in 1841 :— 


Observations in Kuma a, 





Height of snow-line. 


Point | > 
observed, | On south | On west Mean. Remarks. 


exposure. | exposure. 





Nol . 16,705 15,892 16,298 These heights were calculaied 
2, 7,00 cds oo from observations made with the. 
3. 17,205 \ 14,898 16,051 theodolite at Almora and Binsar. 
4 16,347 or eos The distance of these two places, 


which served as a base, was obtained 
by measurement from a map of 
oints fixed by the G T. Survey. 
16,174 The elevations of the two places 
Mean ...| 15,566 15,395 pe were taken from Captain Webb's 
15,980 7 : 
trigonometrical survey. 


rr rr ED 


_) Himélayan Journals. ? Reports, 1871, p. 1: the name appears to be 
derived from the Wallungsumgola to the south: the pass itself has an elevation 
of 15 618 feet, 3J.,4.S., Ben.. XVIII, i, 524, 
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The points 1, 2 and 3 are on ridges that ron prominently out 
in a south-westerly direction from the great peake of Trisdl 
G. (G. T..8.) same as Webb’s No. XI. and H. (G. T. 8.), same as 
Webb’s No. XII. The dip of the strata being to the north-east, 
the faces expesed to view from the south are for the most part very 
abrupt and snow never accumulates on them to any great extent. 
This will explain the difference between the heights at which snow 
was observed on the southern and western exposures, the ground 
having been less steep on the latter and better able to retain the 
snow ; but in these places it was in very small quantities, and had 
probably fallen lately, so that its height may probably indicate the 
elevation below which the light autumnal falls were incapable of 
lying rather than the inferior edge of the perpevaal snow. It is 
farther to be understood that below this level of 15,000 feet the 
mountains were absolutely free from snow, excepting those isolated 
patches that are to be seen in ravines or at the head of glaciers, 
which do not affect such calculations as these. The point No. 4 
was selected as being in a much more retired position than the 
others, and is situated not far from the head of the Pindar river, 
between the peaks of Nanda Devi, I. (G. T. 8.), same as No. XIV. 
of Webb, and of Trisul H. (G. T. S.) It was quite free from 
snow at 15,300 feet. On the whole, therefore, General Strachey is 
inclined to consider that 16,000 feet may be given as a close approxi- 
mation to the maximum height to which the snow recedes every 
year on the most southern and external ranges in Kumaon. 


This result appears to accord well with what has been observed 
by Dr. Gerard in a visit made by him to 
the Shatul pass in the Bisahr range ex- 
pressly for the purpose of determining the height of the snow-line.! 
He reached the pass, the elevation of which is 15,000 feet, on the 
9th of August, 1822, and remained there till the 15th of that 
month. The southern slope of the range was generally free from 
snow, and he says that it is sometimes left without any whatever. 
On the top of the pass there was no snow, but on the northern 
slope of the mountain it lay as far down as 14,000 feet. On his 
arrival rain was falling, and out of the four days he was there, it 
rained and snowed for the greater part of three. The fresh snow 
1 Tours I., 289-347, 
25 


Bisahr. 
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that fell did not lie below 16,000 feet, and some of the more 
precipitous rocks remained clear even up to 17,000 feet. Dr. 
Gerard concludes that 15,000 feet is about the height of the snow- 
line on this range, but it will be seen that Dr. Gerard was there 
rather early in the year, and General Strachey, from what he heard 
from others who crossed the range later in the season, thinks that 
15,500 feet will probably be a better estimate, even if it should 
not be carried still higher. At the beginning of the month of 
July, Captain Gerard found heavy snow on the northern face of 
this Bisahr range at about 15,000 feet, and the Kunlia pass, the 
elevation of which he states to be 17,000 feet appears never to be 
free from snow’ Dr. Thomson? agrees that the estimate formerly 
made by General Strachey of 15,500 feet, which his subsequent 
researches led him to believe was a little too low for Kumaon, is 
as neatly as possible correct for the Bisahr range. He adds— 
“‘Captain Herbert, in his geological report, had fixed upon 15,000 
feet, which is a little too low even in the district of Bisahr, to which 
his estimate, I believe, refers. In the trans-Satlaj Himélaya, from 
the diminished amount of summer cloudy weather, the snow-level 
is probably a little higher.” The Chamba range and the Pir 
Panjal, south of Kashmir, both of which rise immediately from the 
low external sandstone hills, just enter, be tells us, the region of 
perpetual snow. The highest peaks of the former are about 
16,700 feet, and its mean height about 15,000 feet above the sea, 
and its snow-line will consequently be not far from 16,000 feet. 
Major A. Cunningham also places the snow-line on the most 
southern ranges of the Himflaya to the west of the Ganges at about 
16,000 feet.® 


When, however, we advance into the interior of the chain, 
Across the snowy after having once passed over any range of 
Tangs: sufficient height to come within the limits 
of perpetual snow, we invariably find that there is less snow on all 
such ridges of similar altitudes so that when we arrive at the Indian 
watershed, the snow-line has risen to about 18,500 feet, and on 
the summit of the tableland it reaches to an elevation of 20,000 
feet. Dr. Hooker observed this phenomenon in Sikkim, and bears 
testimony to the gradual rise of the snow line as we enter among 
1 /bid, Il., 71. 1 Travels, p. 487. ? Ladék, pp. 73-77. 
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the peaks covered with perpetual snow. Near Zemu, twenty miles 
north-east from Kanchanjinga, he found little snow on south 
exposures at the beginning of July. A little farther in, above Pha- 
lung, in the middle of the same month, the snow-line was supposed 
to be about 16,500 feet, and at the end of the month many plants 
were obtained at 17,000 feet. -Another ascent in the same 
vicinity about the same time did not carry our traveller ta perpe~ 
tual snow at 16,800 feet. On the flanks of the Kanchan-jhao 
broad summits were seen quite bare of snow at 18,000 feet. Dr. 
Campbell' who accompanied Dr. Hooker on his return journey in 
September, notes that vegetation ceased at the foot of the Dankia 
pass at 18,000 feet, and there was no trace of it. within 500 feet of 
the summit on either side. There was no snow on the road as he 
ascended the north face nor as he descended the south face, but it 
lay in patches amongst the rocks all the way on both sides. On the 
mountain to the west of the pass snow lay deep in hollow places, 
but these may have had glacial ice in them though the surface of 
the snow was then smooth. The line of snow would here be 
19,800 feet, and further north in Tibet it rose to 20,000 feet. 
Bhorutso, on the 18th October, had not a particle of snow on it at 
18 or 18,500 feet, whilst in the Lachung valley in Sikkim to the 
south snow was lying at about 15,000 feet. Dr. Campbell adds:— 
“South of the Himalaya, the quantity of snow that falls is very 
much greater than in Tibet, and from the greater moisture of the 
air and cloudiness of the sky, it is not carried off with the 
rapidity of evaporation which obtains in Tibet, where you do not 
find cyen a rill of water from the melting snow. Besides in 
Tibet the snow falls in light, feathery skiffs, and not in flakes. 
I believe that the lowest snow-line we saw on the mountains to 
the north of us in Tibet must have been upwards of 22,000 feet. 
On the Kambajang range, which, comparing them with Bhorutso, 
must be 20,000 feet at least, there was not a particle of snow.” 
We have the results of General Strachey’s experience for 
Kumaon and Garhwal. Towards the end 
ieee of August, 1848, he crossed the Barjikang 
pass leading from Raélam to Juhér on a subordinate ridge between 
the Nandakot and Panchachuli peaks. Although this pass hes an 
1J,, A. 8. Ben., XXV., 565, 
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elevation of about 15,400 feet, not a vestige of snow was met with 
on the ascent from the south-east, and only a very small patch 
remained on the north-western fave, and indeed, in no considerable 
quantity, up to 17,000 feet. The vegetation on the very summit 
of the pass was far from scanty, though it had already begun to 
break up into tufts, and had lost the charactor of continuity it had 
maintained to within 500 or 600 feet af the top; but many species 
of flowering plants, all evidently flourishing ina congenial climate, 
showed that the limits of vegetation and regions of perpetual snow 
were still far distant. This place is within ten to fifteen miles of 
the most southern border of perpetual snow. The Unta-dhdra pass 
has an elevation of about 17,300 feet, and lies to the aorth of the 
great peaks nearly at the crest of the watershed. There was no snow 
along the southern ascent fo this pass, at the top of which General 
Strachey arrived in September, 1848, in a little drizzle of rain that 
at last turned into snow. The ground was quite free from snow, 
being worked up into a deep black mud by the feet of the cattle 
that had crossed it. There was, however, on the north side of the 
pass.an accumulation of snow some little way down, extending per- 
haps 200 feet, apparently the effect of the drift through the gap in 
which the pass lies. No snow was seerf on the hills on either side 
within some few hundred feet, and the snow-line was certainly 
above 18,000 feet. Vegetation reached to within 300 or 400 feet 
of the summit. 


The Chor-hoti pags (18,000 feet) and the Marshak pass, (18,100 
feet), both to the north of Niti, havea position 
relative to the great snowy masses nearly 
similar to Unta-dhira. The Marshak pass was crossed in July by 
General Strachey, a time rather too early to judge fairly of the 
snow-line, which is also obscured by the presence of a glacier that 
fills up the valley by which the pass is approached.' On the Chor- 
hoti pass in September there was not a vestige of snow on any part 
of the southern face of the ridge that the route crosses, but on the 
north face was a patch that was plainly perpetual, descending some 
hundred feet to a glacier which was connected with that just men- 
tioned to have been crossed at Marshak or Balchak. The snow-line 
was, therefore, here no doubt near 18,500 feet. The Kyungar and 
' This expedition is apparently referred to in J., A, 8., Ben., XIX., 79. 
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Balchha passes, each about 17,500 feet in elevation, and both lying 
to the north of the Unta-dhura pass, were equally free from snow 
on their southern faces in September, amall quantities only being 
found on the northern aspects. The highest points on the ridge, over 
which the latter of these passes leads, only just exceed 18,000 feet 
in elevation, and in fact it does not come within the limits of per- 
petual snow, nor does it appear snowy when viewed from the Tibetan 
plain to the north of it. The vegetation on all these passes reaches 
to about 17,500 feet. Lieutenant Weller visited the Balchha pass! 
on the Ist June, 1842, and found “ towards the top of the ascent a 
tolerable quantity of snow, but in detached portions.” The LAkhar 
pass also, to the north of Unta-dhura, was crossed by General 
Strachey in September. It has an elevation of abovt 18,200 feet, 
and was found free from snow on both sides, as well as the Jainti 
ridge some 200 feet higher. This latter is, however, a somewhat 
detached spur, and the snow-line was manifestly near, for unbroken 
snow could be seen in more sheltered places considerably below this 
elevation. General Strachey thinks that, on the whole, 18,500 feet 
may be considered a fair average height of the mow-line in this 
locality. Lieutenant Weller crossed the Unta-dhira pess at the end 
of May, and found more soil than snow visible, whilst snow was 
scattered thinly on either side, but the northern slope presented one 
unbroken sheet of steep snow." In September (28th) Captain 
Manson found the last ascent to this pass quite free from snow. A 
detached peak, Lanjar, a little to the north of the Niti pass, and 
having an elevation of 18,400 feet, was found by General Strachey 
nearly quite free of snow having only a patch lying in a ravine on 
the north side of the bill. Two other peaks near the Balchha pass, 
seen from Lanjar, having an altitude of 18,100 and 18,200 feet 
respectively, were also quite free from snow, so far as could be 
ascertained at the distance. Mr. J. H. Batten, who visited the Niti 
Pass in 1837, found it free from snow, of which the first heavy fall 
Gid not occur till the 11th of October.* 

In the more western part of the mountains the authority of the 
Gerards, of Dr. Thomson and of Major A. Cunningham coiacide in 
fixing the snow-line at much about the same level as that just 
assigned to Kumaon. Captain J. D. Cunningham also accepts 

5 J. A. 8., Ben, XH, 97, » Ibid., XLIL., 87. » Ibid.. VII, 316, 
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the results of General Strachey’s observations. In upper Kunaor 
Captain Gerard" found a little snow on either side of the Kynu- 
brang pass (18,300 feet) in July, but none 
on ita sammit, and the summits in the neigh- 
bourhood, though attaining a height of 18,000 or 19,000 feet, 
were only just tipped with snow. The Gangtang pass, also 
18,300 feet and lying a little farther to the west, was snowy 
for the last few hundred feet at the end of the same month. The 
Kynbrang pass is on the Indian waterparting, and the Gangtang 
pass a little within it, but both the observations were made hefore the 
snow-line had attained its maximum elevation. The gradual des- 
cent of the snow-line as we advance southwards is shown by the 
fact of the Charang pass having an altitude of only 17,400 feet, 
and lying between the passes above named and the Bisuhr range, 
being said to be never free from snow, though early in July it had 
already melted up to 16,300 feet. North of the Satlaj, under the 
peak Leo Porgyul, the surface was found to be free from snow in 
October up to 19,000 feet or even higher, while west of that river 
on the Manirang or Rupak pass, having an elevation of 18,600 feet, 
the summit was covered with newly fallen snow at the end of 
August, showing that the level of perpetual snow was nearly at its 
maximum. Snow was, however, met with on the road to the pass, 
but this was due to avalanches and drifts and to the fact of the road 
lying ina deep glen. Dr. Thomson, who visited the Karakoram 
pass in August, 1848, estimated the snow-line on the journey back 
to Sdser at 17,500 to 18,000 feet but to the northward and east- 
ward it was much higher, probavly not less than 20,000 feet.* 
Trotter® also notes that the Kérakoram pase (18,550 feet) is always 
free from snow in summer, whilst the Sdser further south is seldom, 
if ever, free from snow. 


Regarding the height of perpetual snow on the table.and of 
western, Tibet Captain H. Strachey is still 
the best authority. He writes:—“from a 
series of minute observations on the snow-level, made during two 
years, in the course of which I crossed twenty-five passes elevated 
from 15,000 to 19,000 feet at various seasons between the end of 


} Tours in the eet 78, ae oe 242: Account of Koonawar, 157-9, 
* Travels, p. 487. 
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April and the beginning of November, I have arrived at the follow- 
ing conclusions. The snow-line in the central and northern parts 
of west Nari attains an extreme height of nearly 20,000 feet. It 
lowers on approaching the Indian Himélaya, and on the southern- 
most parts of the Indian watershed descends perhaps as low as 
18,000 feet.” The mountains under 20,000 feet in height in the 
northern and more open parts of the tableland will, he adds, be 
almost entirely denuded of snow during the latter part of the sum- 
mer. General Strachey, during his visit to the tableland north of 
Garhwél during September, 1848, found snow only in patches in 
sheltered ravines, but the highest summits in the district through 
which he passed were only 18,400 feet. Perpetual snow was not 
found on any of the hills between the Indian water-parting and 
the Satlaj. The height of the snow-line on the south face of the 
peak of Kailis was observed in the month of September by means 
of a theodolite, and found to have an elevation of nearly 20,500 
feet, and the altitude of a peak on the ridge between the Satlaj and 
the Indus which was only tipped with snow in August was in like 
manner determined to be 20,500 feet above the sea:so that, making 
a fair allowance for the difference between the northern and south- 
ern exposures, the mean snow-line was in both cases about the 
same. The limit of snow on the Pamir is reported to be between 
16,000 and 17,000 feet and on the Aldi Pamir about 14,000 feet. 
Throughout Kumaon and Garhwal there are several lakes, but 
the chief in size.and beauty oocur in par- 
a gana Chhakhbfta, the Westmoreland of 
Kumaon. These are known as Naini, Bhim, Sat, Naukuchiya, 
Malwa, Khurpa, Sukha, Sariya, Khuriya, &., with the affix ‘td or 
‘lake’ attached. The following table gives some information regard- 
ing the principal lakes:— 
Height above | Greatest ,; Greatest | Greatest enh 












Name. length. | breadth. | depth. 
Square feet. 
Naini Ta 5,149,000 
Neabeckiya TO. 4'949.000 
wet 4,909,600 





i Approximate measur~ments, 


200 HIMALAYAN DISTBICTS OF THE N.-W. PROVINCES. 


It has been suggested that these lakes were formed by glacial 
action, but Mr. Ball in a recent paper' combats this view, and 
assigns their existence to landslips which closed up the valleys in 
which they occur. Be this as it may, they form one of the most 
remarkable and beautiful features of the Lower Himilaya in 
Kumaon. The lake of Naini lies in a valley which runs about 
north-west and south-east, and is surrounded on all sides except the 
east by lofty ridges, Sher-ka-danda, China (8,568 fzet), DeopAtha 
(7,989 feet), and Ay4rpdtha (7,721 feet). Bhim Tal lies in a 
comparatively open valley with a hill to the south of the lake rising 
some 1,300 feet above its level. Further east in the same valley is 
Naukichiya Tal, occupying a hollow in the slope, and without any 
remarkable hills around it. The Sat Tél or seven lakes, lie within 
a circle of hills between Bhim TAl and the valley of the Naini Tél 
river, and Malwa TAl lies to the north of Bhim Tal in a deep valley, 
the sides of which rise up abruptly from the level of the lake. 
The only lakes of importance in Garhwil are the Gudiyar TAl in 
patti Dasauli Malli and Diuri Tal in patti KaliphAt Malla, neither 
of which can compare with the Kumaon lakes in size or beauty. 

1 Rec., Geo. Sur., XI, 2, p. 174, 
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Preliminary sketch of climate. Contrast between the castern and western 
parts of the plain and the Himélaya. Radiation, solar and nocturnal. Temper- 
ature :—Diurnal and annual ranges,—Vertical decrement,—Height of snow-line. 
Pressure and winds :—Barometric tides,—Mountain winds,—Annual variation of 
pressure,—Monsoons. Humidity :—Vertical distribution of vapour,—Relative hu- 
midity,—Cloud. Rainfall :—Distribution on plains and on the Himfdlayan slope,— 
Aunual variation,—The winter rains,—The monevon rains. 

Tne climatological conditions of these hill districts are a most 
important element in their physical geography, and will therefore 
require to be treated at considerable length. An exhaustive discus- 
sion of the meteorology cannot yet be attempted, but sufficient data 
have already been collected to serve asa basis for a general descrip- 
tion of the climate, and at the same time to throw some light on 
several of the more interesting problems of meteorology. In this 
latter respect the Himalaya, on account of its less distance from 
the equator and its greater elevation, presents many pointe of 
advantage as compared with the Alps and other European moun- 
tain systems ; and already some important general conclasions 
regarding the physics of the atmosphere have been drawn from the 
observations that have been made in it. The mere statement of the 
fact that nearly all the snowy peaks and most of the passes over 
the Indian watershed stand above the lower half of the atmosphere, 
and thus completely cut off all communication between India and 
Central Asia, except in the upper strata, indicates how much regard- 
ing the general movements of the atmosphere may be learnt from 
observations taken in India and the Himalaya. 


Of late years, a good deal has been done in the way of collect- 
ing trustworthy meteorological data for the mountain zone by the 
establishment of Government observatories at certain points. The 
places where observations are made at the public expense must 


' Written by Mr. S. A. Hill. Meteorological Reporter to the Government of the 
North-Western Proyinces and Oudh, for this volume. 
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always, however, be few, and it is desirable that more should be 
done in the way of enlisting the services of volunteer observers. 
Temperature and rainfall observations are now made at many tea- 
gardens in Kumaon ; but, as a rule, so little attention is paid to the 
hours of reading, the exposure of the instruments, and the continuity 
of the registers, that the results are of no value for scientific discus- 
sion and comparison. By far the most important of the observations 
taken in the north-west Himalaya, prior to the establishment of 
regular observatories, were those collected by Lieutenant (now 
General) R. Strachey, of the Bengal Engineers, in 1848 and 1849. 
Some of General Strachey’s deductions from them have been given 
to the world in the Proceedings of the Royal Society and the Journal 
of the Asiatic Society of Bengal; but others have not yet been 
published, though they were long ago embodied in a work on the 
“Physical Geography of the Himalaya” that has been placed at the 
disposal of the compilerof thisvolume. Considering the scanty nature 
of the materials General Strachey had to work with, the comclusions 
arrived at were wonderfully accurate ; and though some of them were 
opposed to the generally received opinions of the European meteoro- 
logists of the day, they have been confirmed in almost every respect 
by the more extensive data subsequently obtained from the Himé- 
layan observatories. 

In the following pages a somewhat detailed discussion of all the 
data available for meteorological inquiry will be given after a brief 
general sketch of the climate. The several elements of meteoro- 
logical observation will be taken in the natural order of cause and 
effect, commencing with solar radiation and afterwards passing on 
to temperature, barometric pressure and winds, and the distribution 
of vapour and rain. 

The order of the three seasons on the plains of Upper India— 
the cold, the hot, and the rainy—is now well 
known even in Europe. After the close of 
the rains at the end of September or beginning of October the 
sky is serene and the atmosphere transparent. Owing to the 
absence of clond and the rapidly diminishing proportion of water 
vapour, the air is also very diathermanous ; that is, it permits the 
free passage of heat from the sun to the earth in the daytime, 
and in the calm nights that prevail at this-season the radiation of 
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heat into space goes on so rapidly that the earth’s surface and the 
air resting on it become very cold before morning. The months of 
October and November are thus characterized, not only by clear 
skies and calms, but by a great temperature range and heavy dews 
at night. These conditions prevail through the greater part of 
December, and towards the end of that month and in the beginning 
of January, the exposed thermometer sometimes falls 10 degrees 
below freezing at places as far down the plain as Allahabad and 
Benares. In the Panj&b it is much colder, and there the shaded 
thermometer sometimes reaches the freez:ng point. 

About the end of December and in January and February, how- 
ever, clouds often interfere with the free radiation of heat at night, 
and the daily range of temperature for these months is less, on the 
average, than that of November. Some rain usually falls at this 
time of the year, especially in the Panjéb and the higher districts 
of the North-Western Provinces. In March and April the tem- 
perature rises rapidly, especially at a distance from the mountains, 
and the air becomes extremely dry. Hot winds from the west or 
north-west blow down the valley of the Ganges and rapidly change 
the appearance of tha whole country from that of a highly culti- 
vated plain to a parched and sandy desert, almost the only green 
things left being the groves of mango trees. In April, the daily 
range of temperature over the plains is at a maximum, exceeding 30 
degrees in most parts of the North-Western Provinces and the 
Panjéb. The nights are still tolerably cvol, though in the day- 
time the thermometer ranges as high as 110°F. or even higher 
sometimes. 


During May and the first half of June the temperature continues 
to increase, though much less rapidly than in March and April, until 
by the 15th or 20th of June, if the periodical rains have not com- 
menced, the temperature is probably higher in North-Western India 
than anywhere else in the world. In the North-Western Provinces 
the shaded thermometer has only been known to rise once or twice 
above 120°F., but in the Panjéb temperatures as high as 123° or 
124° have been recorded. The days in June are thus only a few 
degrees hotter than those of April; but, as the rainy season 
approaches, the range of temperaturé diminishes and the nights become 
insufferably hot and close. 
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Rain seldom falls in the hot weather, the falls that do occur 
generally taxing place during thunderstorms. About the middle 
of May, however, the quantity of water vapour in the air begins to 
increase rapidly, betokening the approach of the rainy seasou. This 
vapour is probably brought by the prevailing south-west upper 
carrent of the atinosphere which seems to descend gradually until it 
merges with the surface sea winds of the Bay of Bengal and forms 
“the south-west monsoon” or prevailing wind of the rainy seasou. 
In Northern India the lowest strata of the sea winds are deflected from 
their normal course by the mountains and directed towards the seat 
of highest temperature in the Panjab, thus appearing as east or 
south-east and not as south-west winds. Along the foot of the hills 
these easterly winds are felt occasionally by the middle of May, 
when the quantity of vapour in the air first begins to show signs of 
a rapid increase. 

During the latter half of Jane the sea winds increase in strength 
and gradually advance along the foot of the Himalaya, until, by the 
beginning of July, the rains have usually set in all over Northern 
India. In ordinary years rain continues to fall, not steadily but 
with frequent intermissions or “ breaks,” until about the end of 
September, when the easterly winds cease, except close to the hills, 
where they last a month longer, and are succeeded by calms or fee- 
ble currents from the west. In the Panjib the rains begin later, 
are lighter and more intermittent, and end sooner than in the North- 
Western Provinces, and the length and intensity of the rainy sea- 
son increase regularly as we approach the sea in Bengal. During 
the rains the temperature averages about 85° over the greater part 
of Northern India. The daily range at this time varies from 8 to 
12 degrees, being greatest in the driest districts. 


The extremes of heat and cold are much greater in the Panjab 
and the upper part of the North-Western Provinces than in 
Bengal, for two reasons—tho greater distance from the sea and 
the higher latitude. On account of its proximity to the seas 
and its heavy rainfall, Bengal is moist and cloudy at all seasons 
compared to the Panjéb. This condition of the atmosphere, by 
retarding the radiation of heat, renders the climate of Bengal 
more equable than that of the Panj&b, just as an insular climate 
is more equable than a continental one. Again, the latitude of 
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the Panjab, which is 7 or 8 degrees higher than that of Bengal, 
causes its winters to be much colder and its summers much 
hotter. At first sight it seems anomalous that a place should be the 
hotter the more distant it is from the equator, at any season of the 
year ; but when it is borne in mind that the quantity of heat 
received from the sun is directly dependent upon the length of the 
day as well as on the elevation of the sun above the horizon, the 
anomaly disappears. Various mathematical physicists from Halley 
downwards, including Poisson' and more recently Meech,’ have cal- 
culated the total heating effect of the sun in different latitudes during 
a day or other given period of time. The latest investigation of this 
kind has been made by Wiener® of Carlsruhe, who finds that while 
the maximum of heat for the whole year falls on the equator, the 
maximum for the 21st of June is at the north pole, where the sun 
remains above the horizon for twenty-four hours, and has an altitade 
of nearly 234 degrees for the whole of that time. In the summer 
half year, from equinox to equinox, most heat falls on a zone about 
254° north of the equator, and during the three months nearest to the 
summer solstice—that is, from the 7th of May to the 6th or 7th of 
August, the zone of greatest heat lies about 41°N. The total heat 
received during these three months by an area in latitude 40° or 
41°N. is more than a fifth greater than that which falls on an equal 
area at the equator. The actual increase of temperature produced is 
much more than this, for the mean temperature is determined by the 
balance between the gain of heat during the day and the loss at 
night. When the gain of heat from the sun at any place is greater 
than at the equator, on account of the length of the day, the loss at 
night must be correspondingly less. 


This excess of solar heat in summer, together with the dryness 
of the air and the absence of cloud, seems to account for the exces- 
sively high temperature of June and July in the extreme north of 
the Panjab and on the plains of Yarkand and Kashgar still farther 
north. In the moister zone of the mountains, the direct action of 
the sun is less observable ; but beyond the Indian watershed it is by 
far the most important factor in determining the character of the 


seasons. 
1 Theorie de la Chaleur, 1835 edition, jpage 4 9 Smithsonian Contri- 
butions to Knowledge, Vol. IX. en der Ocsterreichischen Geseli- 


sohaft fir Meteorologie, Band XIV, page 133. 
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Regarding the succession of the seasons in the mountain zone, 
General Strachey says :— 


“The same general sequence of the seasons takes place in the 
mountains as in the plains. Here, however, every altitude has its 
own special temperature, from the lower valleys where the heat is 
still overpoweringly great, to the regions of eternal frost ; but at 
all elevations in summer the force of the sun’s rays is excessive. 
The summer rains, too, gradually diminish in strength as we move 
along the chain from east to west, being at their maxiinum in Sik- 
kim, but still being felt slightly on the ranges north of Peshawar. 
The heaviest falls invariably take place on those portions of the chain 
most exposed to the south ; increasing in amount up to a certain 
height [not very exactly determined, but probably about 4,000 
feet]; at the same time every high and continuous ridge most. 
sensibly diminishes the supply of rain that falls on the country 
to the north of it, and we find, as we approach the Indian 
watershed, that the quantity is very small, and that the 
monsoon only just drops a few partial showers on the southern 
border of Tibet. The winter, as may be supposed, is extremely 
rigorous on the summit of the table-land ; and at this season, 
or in spring, the only important precipitations of moisture take 
place in the form of snow, but they are exceedingly small in 
quantity.” 

The reason why every altitude has its own special temperature 
is that the air is warmed chiefly. by contact with the hot ground on 
which it rests, and but little by direct absorption of the solar rays. 
The air in contact with the ground, expanding and becoming less 
dense, rises up, but in doing so its heat is rapidly converted into the 
work of expansion ; the result being that the temperature of the 
upper strata can never rise so high, on the average, as that of the 
air near the ground. Dry air, if heated only at the bottom, would 
lose 1 degree Fahrenheit for every 183 or 184 feet of ascent. In 
moist air that is precipitating rain, and thus being warmed by the 
latent heat of the condensed vapour, the rate of decrease is much 
less. The rate actually observed, both in balloon ascents and on 
mountain sides, is less than that calculated theoretically ; because 
even dry air is to some extent warmed directly by the sun’s rays, 
while air saturated with moisture has a very considerable absorbing 
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power. On mountain slopes also the temperature falls less rapidly 
than in the free air over the plains—at all events for the first nine 
or ten thousand feet of ascent, the reason being that the air is 
heated by contact with the mountain sides. 


No data at present exist from which the average intensity of 
solar radiation, and its variations from time 
to time, can be estimated with any approach 
to exactness. Any deductions made by passing from radiation to 
other meteorological phenomena must therefore to a great extent 
be based on theoretical considerations. 


Radiation. 


The instrument hitherto used to measure the intensity of the 
sun’s heat has been a maximum thermometer with a blackened bulb 
surrounded by a thin glass case more or less completely exhausted 
of air. If the exhaustion were perfect, the temperature of the 
instrument would be determined by radiation to and from surround- 
ing objects ; including under these the glass case of the instrument 
which is in contact with the air, the sun, the ground, the clouds, 
and the opensky. Were solar thermometers all made exactly alike 
and exposed under absolutely identical conditions, the excess temper- 
ature of the instrument above the contemporaneous temperature of 
the air would be a measure of the excess of radiant heat falling on 
it from objects above the horizon over that which passes away from it 
in an upward direction. The following table gives the average value 
of this difference for each month at six stations. Corrections have 
been applied as far as possible for differences of instrument and 
exposure, except at Dehra, for which the corrections are not 
known :— 

I.—Monthly mean excess temperature of the solar thermometer above 


the maximum in shade. 
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If the air were absolutely diathermanous, the altitude of the sun 
above the horizon and the vertical thickness of the atmosphere 
above the place of observation should have no effect upon the 
temperature differences in the table, which should therefore be the 
same for all the stations and for every month of the year. But the 
air having some absorbing power, the differences should be greatest 
when there is least air for the sun’s rays to pass through ; that is, 
at the highest stations and in the summer months. Up to Chakrita 
the excess temperature of the solar thermometer does increase with a 
fair degree of regularity ; but it appears to be less at Leh than at 
Chakr&ta, contrary to all theory. There is also no regular increase 
apparent in the heating power of the sun as the season changes from 
winter to summer. The truth is that the indications of the black- 
bulb thermometer are affected by so many disturbing causes, that 
after all possible corrections they are of little or no value for inter- 
comparison ; though with the same thermometer, at the same place, 
and under absolutely constant conditions of exposure, the figures 
for one year may be to some extent comparable with those for 
another. . 

The results of observations with the nocturnal radiation thermo- 
meter are even more unsatisfactory, owing to differences in the 
height of the instrument above the groand and in the nature of the 
ground surface itself, whether grassy or bare. 


IT.—Monthly mean depression of the grasa thermometer below the 


minimum in shade. 
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Rénikhet. 13°3 | 12:0 | 9-0 | 6-3 8-9} 12°5 19-1 |12°2 
Dela ... 4-7| 48] 3-6 | 2-2 2°31 3-5 4-6 | 3:8 
Roorkee... 63 | 5:0] 3-5 | 2-4 3-9] 6-3 6-3 | 5-2 
Bareilly... 10-0 | 10-5 | 8-8 | 4:3 3-4] 6:4 8°0 | 7-1 





The figures in table II. serve to show that the depression of the 
nocturnal radiation thermometer below the minimum in shade is less 
in the rainy season than in the dry, and that both at the hill stations 
and on the open plain the refrigeration of the earth’s surface during 
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the night is probably greater than at Dehra, where the observatory 
is situated in a well-wooded park. They do not throw any light on 
the question whether the ground surface cools more rapidly at night 
on mountain tops or on the plains ; though it is probable that in 
the clear, calm nights of the cold weather the difference, if any, is 
in favour of the plains ; since there the air cooled by contact with 
the ground remains in contact with it, whereas on the mountains 
the cooled air constantly drains away, and is replaced by warmer air 
from the surrounding free atmosphere. 


It has been already stated that, in the western Himélaya, every 
elevation has its characteristic mean annual 
temperature. Each elevation has probably 
also a distinctive form of variation of temperature during the year, 
and the daily variation is different at different altitudes, in range if 
not in general form. 


For a proper discussion of the distribution of temperature. in 2 
hilly country a very large number of observations would in most cases 
be required ; and these should be made at places chosen so as to 
be at nearly equal distances from each other vertically, and at the 
same time fairly distributed in latitude and longitude. On the 
southern slope of the Himalaya it fortunately happens that differences 
of latitude and longitude make but little difference in the mean 
annual temperature. The sea-level values of the mean temperature 
at the Sub-Himflayan stations from Lower Asfiin to Ambala 
all lie between 76 and 78 degrees Fahrenheit, and the tempera- 
tures of places at about 7,000 feet elevation along the whole range 
from Darjiling to Marri in the north of the Panjab do not differ 
more than 2 or 3 degrees. 

Both along the plains and at the level of the hill sanitaria 
the highest mean temperatures are found to characterize. the 
regions lying between the Kali and Satlaj rivers. The chief 
reason for the great uniformity of mean temperature at the 
same elevation that prevails over the whole Himflayan region— 
that is to say, through more than 7 degrees of latitude and 17 of 
longitude—is the greatly increased heat of summer in the nortb- 
west as compared to the east. In Bengal and Sikkim the sun’s rays 
when most intense are to a great-extent cut off by cloud, whereas 

27 


Temperature. 
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in the Panjab and the north-west Himflaya the winter is almost if 
not quite as cloudy as the summer. For these reasons Darjiling 
has very nearly the same temperature in January as Simla, 
Chakrata, or Mussooree, while in May and June it is seven or eight 
degrees cooler. The compuratively low temperature of the summer 
at Darjfling renders the mean for the year nearly two degrees lower 
than that of Marri in the extreme north-west, though the effect of 
latitude is apparent in the low temperature of Marri in January. 


On account of this uniformity of temperature a small number of 
observations, at places chosen specially with reference to height above 
the sea, will enable us to ascertain the most important features of tem- 
perature distribution in the Himélayan districts of the North-Western 
Provinces. The following table gives the mean monthly temper- 
atures of twenty-one places, including the two stations on the plains 
that were given in the previous tables. All the other places except 
Dharmséla lie in one or other of the three districts of Kumaon, 
GarhwaAl, and Dehra Dun, or in parts of Kunawar, Lahul, and Ladak 
to the north of Dehra Din. The monthly means from a Government 
observatory at Dharmsila in the Panj&b have been inserted, though 
this station lies nearly two degrees west of Dehra Dun, because it 
was considered desirable to have some trustworthy figures for places 
about 4,000 feet above the sea ; and the only other station near that 
altitude is Héwalbigh in Kumaon, for which we have but one 
year’s observations. 
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Authorities for the above table. 


BAREILLY: Registers of the Government Metcorological Observatory, 1869 to 1879 


ROORKEE : Ditto, ditto, 1863 ,, 1879 
DHARMB{LA : Ditto, ditto, 1871 ,, 1875 
RANIKHET : Ditto, ditto, 1871 ,, 1879 
CHAKRITA : Ditto, . ditto, 1869 ,, 1879 
LEH : . Ditto, ditto, 1871 ,, 1877 
DEHRA: Registers of the Observatory at the G. T. Survey Office, 1868 ,, 1879 


NAIn1 TAL: Registers of Government Observatory, 1963 to 1869 ; and observations 
by Dr. Payne in 1851-54, given at page 496 of the third volume of 
the Results of a Scientifie Missionto India and High Asia, by the 
brothers Schlagintweit. 


MussoOREE (1): Records of an observatory at Saint Fidelis’s School for 1877-80 ; 
somewhat fragmentary. 


(2) : November to April, Sir a. Waugh’s and Mr. Mackinnon’s obser- 
vations in 1855-56, also one year’s observations from Dove's tables ; 
May to October, observations at the Survey Office for 1866-79, fur- 
nished by Mr. Hennessey, F.R.S. 


LANDAUB: Registers kept at the Convalescent Hospital in 1852-54, and 1866-67. 
Observations for the three years 1877-79 have been communicated by 
the medical officer in charge, but the means deduced from them 
appear to be 4 or 6 degrees‘too high, 


KALsi: Pigot—Caleutta Journal of Natural History, Vol. VI., 1837-38. 
ALMORA : Observations at the Regimental Hospital, 1852-54 and 1866-69. 
Hiwa.piau: Schlagintweit, page 494, on authority of Mr. Batten ; year unknown. 


LouuaHét: Clelland’s Geology of Kumaon, page 179: parta of 1830, 1831, 1834, 
and 1836. 


Kaxponea: Schlagintweit, page 513 ; 1855-56. 


KANAM : Cunningham's Laddk, page 184 ;' 1827-28. 

SP1ITI VALLEY : Ditto, page 183 ;? 1846, 

SRINAGAB : : ; 

PAu: Manuscript observations by General Strachey and his brothers, 
Neer. 1847-49, 


“The figures for the regular meteorological observatories (printed 
in small capitals in table III.) and those for the observatory at 


'Recomputed from the maxima and minima and corrected by means of the obser- 
vations of Chakrata and Leh. *Recomputed and corrected by the Leh 
observations. 
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the Survey Office, Mussvoree, are either directly calculated from 
observations at 4 a. M., 10 a.m, 4 Pp. M., and 10 Pp. m., or have 
been corrected to represent the means of observations taken at 
these hours. They probably differ very little from true daily 
means. The mean temperatures for the other places have been 
calculated in various ways, and many of them are open to consider- 
able doubt. 


The mean annual temperature diminishes pretty regularly as 
height increases. In the table there are only two exceptions to the 
rule that the higher a place is the cooler it is. It will be seen also on 
comparing places of nearly equal altitude and not very far apart that 
the highest temperatures belong to those which, lying bebind the outer- 
most high ridge, are subject to a much smaller rainfall than stations 
situated on the ridge or in valleys opening out to the south and 
exposed to the full force of the rainy winds. Thus RAnikhet and 
Almora are too hot in comparison with Naini Tal. The difference 
in temperature as well as in humidity between places situated at 
equal heights on the outer and inner ranges of Kumaon is suffi- 
ciently great to be easily recognizable without the aid of instru- 
ments, and is well known to all who have ever resided in the 
hills. The variation of temperature between the hottest and coldest 
months and the daily range of the thermometer are also greater, 
asarule, in the interior than on the outer hills, owing to the larger 
proportion of cloudy sky and greater humidity of the air in the 
latter region. 

Both the diurnal and the annual range of temperature decrease 
on ascending from the plains up to a height of 6,000 or 7,000 feet, 
and beyond that they again increase, their greatest values being 
attained at the highest stations where observations have been made. 
These places, however, lie to the north of the Indian watershed, 
where the humidity is doubtless less than on the southern side, 
and the observed ranges of temperature are probably higher than 
they would be at equal altitudes ‘on this side of the snowy range. 
Moreover, the annual range in Tibet and Ladék is greater than 
on the Indian side of the chain on account of the difference of 
latitude, as has already been pointed out. In table IV. the daily 
and yearly ranges of temperature at twelve places are compared, 
and from it these relations will be readily seen. 
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IV.—Mean diurnal and annual ranges of temperature at places 
in the Himdlaya. 


DIURNAL RANGE. 









Annual range of 
monthly means. 
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Roorkee .». | 26°6| 24°6| 28°3/ 31-4) 28°9 22°2) 14°56) 14°6| 17°2) 27°8/ 32'9) 29°3) 24°8] 34:1 
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Mussooree, (1), 14-0} 18°2) 14-0] 16-0] 19°3/ 1 54) 9°4] 8-0) 10°38) 13°6) 16°3| 12°3| 13-2| 25-2 
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Kanam eo»! 15°3| 17-2} 22-0) 19°O} 185] 17°3| 16-3] 15-5] 88°9] 20-5} 19-0} 18°3 18°1| 37-8 
Leh aae| 28°5| 80-0] 28°0) 31-0) 30°1/ 94-8] 11-2) 31-3) 31-4) 80°5| 26°7| 26-2! 29-6) 42-9 
Spiti vee] 19°3| 27°71 29-2) 18-5] 22°0) 29-0} 32-1) 31-3} 28°4) 28-0) 18°0/32-2 25" 44°55 


The table shows clearly that the minimum range for both day 
and year is reached at Ranikhet and the lower Mussooree station—- 
that is, about 6,000 feet above the sea. The dependence of the 
diurnal range upon the humidity of the air and the proportion of cloud 
at each station is distinctly brought out in the variations from month 
tomonth. Atall the stations but Leh and the Spiti valley, which lie 
beyond the snowy mountains, the months of the year which are 
driest in India—April and May—have the largest daily thermome- 
tric range, and the most humid months—July and August—have 
the smallest. There is a secondary minimum of temperature range 
coinciding with a maximum of humidity in January, and a second- 
ary maximum in the dry and cloudless month of November. At 
Leh, where the most frequent precipitation of moisture during the 
year takes place in winter, the range is somewhat greater in the 
summer than in the winter months. 

Owing to the greater annual range of temperature on the plains 
than on the hills, the diminution of temperature in the first 6,000 
feet of ascent is most rapid in the hottest months and least so in the 
cold season. Between Roorkee and Chakrita the difference is less 
than 11 degrees in December and more than 23 in May. In the 
clear still nights of the cold weather, especially in November and 

December, before the winter rains and snows set in, the nocturnal 
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loss of heat goes on almost as freely on the plains ag on mountain 
peaks. It is thus not unusual to find the temperature of the exposed 
thermometer at Roorkee nearly as low as at Chakrata, and it very 
frequently falls lower at Roorkee than at Dehra, where the obser- 
vatory is surrounded by trees. In December the mean temperature 
diminishes between Roorkee and Dehra at the rate of only one 
degree in 1,034 feet, while in May and June it falls one degroe in 
230 feet. 


The low temperature of the plains in the winter season, especially 
in the morning, is doubtleas due in part to the draining down 
of cold air from the mountain slopes through the river gorges. 
This, however, cannot appreciably affect the temperature of 
places at a long distance from the mountains, though it may 
have a very considerable effect on that of Roorkee, close to the foot 
of the Siwéliks. The minimum temperature of the day is thus one 
or two degrees lower on the average at Roorkee than at Dehra 
in the months of November and December, and in January the 
minimum temperatures of the two places are equal. In the moun- 
tain country itself it often happens for the same reason that the 
temperature of the air at the bottom of a valley is distinctly lower 
than on the adjacent ridges. A similar inversion of the normal 
variation of temperature with height has been noticed in Europe 
during calm weather in winter. 


From March to June the absorption of heat in melting and 
evaporating the snow on the outer hills, and in evaporating the 
rain that falls there in frequent showers when no rain falls over the 
plains, keeps down the temperature ; so that in May and the first half 
of June, when the plains are at their hottest, the decrease of temper- 
ature on ascending through 6,000 or 7,000 feet is more than twice 
as great as in December. 

In the Panjab, where the latitude is higher and the humidity of 
the air over the plains is never great, the annual range of tempera- 
ture at places on the plains is higher than in the North- 
Western Provinces, while in the hills there is much less difference. 
The annual variation in the decrease of temperatare with height is 
accordingly much more distinctly marked in the extreme west 
of the Himalaya than it is in Dehra Dun. The difference of 
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temperature between Héwal Pindi and Marri is 19-5 degrees in 
July and only one-third as great in December. On the other hand, 
in the eastern Himalaya, where the air at all elevations up to 9,000 
or 10,000 feet is nearly equally moist, and where the range of 
temperature, especially over the plain, is much less than in the 
north-west, the decrease of temperature with height is most rapid 
in February and March and least so in June and July. The slow 
rate of decrement in the rainy season is doubtless due to the libe- 
ration of latent heat in the condensation of vapour ; this heat ren- 
dering the atmospheric strata in which condensation occurs warmer 
than they otherwise would be, while the constant precipitation of 
rain prevents the lower strata from becoming very much hotter than 
the rain drops which pass through them. The effect of the rainy 
season in retarding the fall of temperature as we ascend is distinctly 
seen between Bareilly and Naini Tal or Ranikhet. but is not seen 
between Roorkee and Chakrata. 


The great annual range of temperature at more elevated stations, 
especially such as lie behind the first snowy range and receive little 
or no precipitation, causes even greater differences in the rate of 
decrease of temperature with height, but in the opposite direction. 
In January, the difference of temperature between Chakrfta and 
Leh is 24 degrees, but in August it is only 4 degrees. The 
greater length of the day in summer at Leb, and the absence of 
cloud: to obstruct solar radiation on the surrounding mountain sides, 
render the summer months at that station, 11,500 feet above the 
sea, as hot as they would be on the southern side of the snowy 
mountains at an elevation of 8,500 or 9,000 feet. If General 
Cunningbam’s figures for the temperature of the Spiti valley are to 
be trusted, the heat of summer at an elevation of 13,000 feet is 
still more excessive. The relation of this to the greater height of 
the snow-line on the northern than on the southern side of the 
H’malayan system is obvious. 

In the following table the mean rate of decrease of temperature 
in the first 6,000 or 7,000 feet of ascent has been worked out for 
each month. In Dehra Din the lower station is Roorkee and 
the upper one Chakrata ; in Kumaon, Bareilly has been taken for 
the lower station, and instead of choosing either Naini Tal or Rani- 
khet for the upper one, the monthly mean temperatures of both 
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places have been taken and assigned to the mean elevation of the 
two. This was considered preferable to taking the figures for 
either hill station alone, because Rénikhet appears to be a little 
hotter than the average of places at the same elevation, and Naini 
Tal is probably somewhat cooler than the average. 
V.—Decrement of temperature with height in the Himdlaya. 
Dehra Din, differ- | Kumaon, difference 


ence of elevation, o elercation, Mean rate of 
6,165 feet. 5,80 feet. deoresse. 
Month, | | 
Difference) Freight | fference! Height | Height |For1,000 
of tem- | ‘gore, | % tem | fori | for 1’. | feet 
perature. ‘ | perature * errs eet 
° Ft. 3 Ft. Ft. 5 
January oo 161 408 12:9 442 425 2°85 
February oe 17-4 854 15:7 368 B58 | 2-79 
March os 20'1 807 17.1 333 320 | 313 
April a 22-9 270 20°6 278 274 | 8-65 
May asi 233 |. 265 222 287 261 | 3-83 
June be 22°8 270 201 283 277 | 3-61 
July si 20°7 298 16°7 841 319 | B14 
August a 20-0 308 16:7 841 325 | 3-08 
September .. 19°7 318 17-1 333 323 | 38-09 
October = 18-0 348 163 850 856 | 2:81 
November ee 12°8 482 12:3 463 473 211 
December |. 10°9 567 10°2 559 563 | 1-78 
Year ay 18°6 331 165 345 $38 | 2°96 





In Dehra Dun there is a regular annual periodic variation in the 
rate of decrease of temperature with height, but in Kumaon the 
regular variation is interrupted in July and August, when the rate of 
decrease is slightly retarded by the fall of rain, as has been explained 
above. When the mean for both districts is taken, the regular 
variation from month to month is only slightly broken in August. 


The figures given in the table include not only the decrease of 
temperature due to increase of elevation above the sea, but alsoa 
certain diminution caused by an increase of latitude equal to about 
a degree in 6,000 feet of elevation. The change of temperature 
with latitude in the Himdlaya is small and to some extent masked 
by the contrast between the sunny valleys of the interior and the 
cool and cloudy outer ranges, but nevertheless it exists. On the 
plains of the North-West Panjab the temperature falls as the latitude 
increases at a mean rate of about 1°1° F. for each degree of latitude, 
when corrections are made for differences of height above the sea. 
Probably much the same rate obtains in the western Himdlaya at 
moderate elevations. The mean temperature of Yarkand, in latitude 

28 
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39° N. and 4,200 feet above the sea, appears from the observations 
of Captain Trotter, R.E., of Drs. Bellew, Henderson and Scully, to 
be about 54°F. At the same elevation in Kumaon the mean tem- 
perature is between 65° and 66°, and since the difference of latitude 
is ten degrees, the temperature appears to diminish al out 1-1° or 
1-2° for a degree of latitude. There is also a certain variation of 
the mean temperature with the longitude, places situated towards 
the east of the chain being cooler than those towards the west on 
account of the cloudiness of the summer months. In order to deter- 
mine the true variation of temperature with height it is necessary 
to make allowance for these variations in latitude and longitude. 
The mean annual temperature of any place in the western Himflaya 
may thus be looked upon asa function of four quantities—(1) the 
sea-level temperature at a point taken as the zero of latitude and 
longitude, (2) a constant multiplied into the height of the place 
above the sea, (3) a constant multiplied into the latitude, and (4) a 
constant multiplied by the longitude. From the Schlagintweits’ 
work and the reports of the Indian Meteoroiozical Department 
fairly trustworthy mean temperatures for about thirty places in the 
Himalaya between the Nepal frontier and the Indus can be obtained, 
more than half of these being given in Table III. When treated by 
the method of least squares the observations admit of being thrown 
into the form T=378:5°~-00277h—1-20 (A—29°)—-105 (L—73°), 
a formula which represents the obgervations with a mean error of 
about three-quarters of a degree. It ignores, of course, the differences 
of temperature between such places as Almora or Ranikhet and 
others of equal elevation on the outermost range. The decrement 
of temperature with height when latitude and longitude remain 
unchanged appears therefore to be 2°77 degrees in 1,000 feet or 1° 
in 361 feet. In the eastern Himalaya the decrease is more rapid, the 
observations taken at Darjiling'and Gwalpéra giving a mean rate of 
1° in 320 feet. At great elevations on the table-land, too, it is 
probable that the temperature diminishes more rapidly than on the 
southern slope of the mountains. General Cunningham’s observa- 
tions in Spiti and Rupshu during the month of September, 1847, 
give a mean increase of about 280 feet in elevation for one degreo 
of fall in temperature; and from the observations taken by Dr. 
Scully on the return journey from Yirkand over the Karakoram 
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pass and through Ladék in September, 1875, Mr. Blanford has 
deduced a mean fall of temperature equal to one degree in 227 feet.! 


The isotherms for equal altitudes in the western Himalaya and 
Ladak run from about W. 6° N. to E. 6° S., being thus three points 
less inclined to the parallels of latitude than the general direction 
of the mountain axis; but in eastern Tibet, Nepal, and Sikkim they 
probably bend to the southward. The mean temperatures of 
Kathmandu and Darjiling, at elevations of 4,354 and 6,912 feet 
above the sea, appear from the observations of ten years to be 61:7 
and 53-9 degrees respectively, out according to the preceding 
formula they should be 66-7° and 60°1°._ The mean temperatures of 
the four stations, Darjiling, Kathmandu, G-walpara, and Sibs4gar, in 
the eastern Himalaya and Asdm, may be represented very accurately 
by the formula T = 77:7°—-00312h—1-53 (A— 26°) —°23 (L—85°). 
In this part of the chain the temperature decreases at a mean rate 
of one degree in 321 feet of ascent, and the isotherms run from 
W. 10° N. to E. 10° S., the direction of the mountain axis being 
nearly due east and west. The isotherms aro thus slightly curved, 
with the concavity towards the south-west, whilst the general line 
of the mountains is considerably curved in the opposite direction. 
This is merely another iorm of the statement in page 209, that the 
highest temperatures characterize that part of the chain between the 
Nepal frontier and the Satlaj. 

Supposing the uniform rate of decrease worked out in Table V. 
to hold good for the whole southern slope of the North-West Hima- 
laya, since the difference of latitude is nearly propotional to that of 
height, a mean temperature of 49°F., equal to that of London, 
would be attained at a height of 9,600 feet, and the annual range 
of temperature would probably differ little from that observed in 
England. The hill sanitaria, lying between 6,000 and 7,000 feet, 
possess climates comparable, as regards temperature, to those of 
Nice, Mentone, and other health resorts in the Riviera; all the 
towns along the cost of France and Italy from Marseilles to Florence 
having mean temperatures between 58° and 60°F. The annual 
range of the monthly means at the Himalayan stations does not exceed 
25 or 26 degrees, whereas on the Mediterranean coast it varies 
from 28 or 29 degrees at Nice to 35 or 36 at Florence and Rome. 

1 Indian Metevrelogical Memoirs, Vol. 1, page 222. 


220 HIMALAYAN DISTRICTS 


Nice and Rénikhet have exactly the same mean temperature, but Nice is 
seven or eight degrees hotter than Raénikhet in July and August, and 
several degrees colder all through the winter and spring months, except 
in January, when the temperatures of the two places are nearly equal. 


At the superior limit of natural forest in the Himfélaya, about 
12,000 feet above the sea, the mean temperature is probably ten 
degrees above freezing. In the Alps a species of pine, P. cembra, 
forms natural forests on the borders of perpetual snow, where the 
mean temperature is several degrees under the freezing point. This 
difference of habit between the Himalayan and Alpine pines is very 
curious, and it is difficult to suggest any reason for it, since the natives 
of the Himalaya and Tibet find little difficulty in growing poplars and 
fruit trees in sheltered situations up to 13,000 feet or higher.’ A mean 
temperature of 32° would be attained ata height of 15,400 feet, 
which is 2,000 feet above the upper limit of cultivated trees in Tibet. 


The zone which has a mean temperature of 32° in any month 
will probably be near the lower edge of the snows in that month, 
especially in summer, when the light falls of snow on the outer hills 
have been all melted away. If the height of this zone be calculated 
for every month, the highest value obtained will be near the perpe- 
tual snow-line. With the uniform rate of decrease given in the last 
column of Table V., the result for July and August, when the snow 
line is highest, is about 17,630 feet. This result is very much 
higher than that given in Humboldt’s Asie Centrale, on the authority 
of some of the earliest European travellers who penetrated into the 
country. General Strachey has, however, shown? that some of these 
mistook the lower limit of glaciers for the line of perpetual snow. 
The elevations of the snow line on the Tristi] and Nanda Devi groups 
of peaks, determined by trigonometrical observation from Almora 
in the latter part of 1248, before the winter snows set in, varied, 
according to Strachey, from about 17,000 feet on the eastern face of 
each group to 15,500 on the west; this latter was, however, in pert 
probably newly fallen autumnal snow. The conclusion from these 
observations was that the height of the snow-line on the “ more pro- 
minent points of the southern edge of the belt (of snowy mountains) 
may fairly be reckoned at 16,000 feet at the very least.” The Schlagint- 


' Schlagintweit's Meteorology of India, page 565. 8 Journal of the Asia- 
tie Society of Bengal, April, 1849. 
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weits found that the average height of the snow-line on the southern 
face of the Himalaya from Bhutan to Kashmir was 16,200 feet. At 
page 72 of General Cunningham’s book on Ladak the mean height of 
the snow-line on the peaks north of Simla, determined trigonometric- 
ally, is given at 16,665 feet, the highest point observed being about 
1,000 feet higher ; and in Mr. Drew’s volume on the Kashmir terri- 
tories, published in 1875, the elevation of the snow-line on the outer- 
most zone is stated to be 16,500 feet. The height obtained by calcula- 
tion as above suggested is thus probably a little too great, though it 
comes surprisingly close to seme of Strachey’s observations on Nanda 
Devi and those of Cunningham on the peaks of Kulu. Some obser- 
vations have recently been made by the Trigonometrical Survey 
officers at Mussooree to determine the height of the snow-line on the 
peaks above Jamnotri, but the results have not yet been published. 


For the ranges north of the Indian watershed we have not suffi- 
cient data to calculate the approximate height uf the snow-line from 
temperature observations ; but the high temperature of Leh and the 
Spiti valley in July and August show most distinctly that it must be 
much higher than on the southern side. The limit of perpetual snow 
on the ridges bordering on Tibet, especially those which lie beyond 
the Satlaj, is given by Strachey as 19,000 feet at least. Dr. Gerard 
many years ago, and more recently Mr. Drew, assigned an elevation 
of 20,000 feet to the limit of the snow in Rupshu. One reason 
why this limit is so high—the intensity of solar radiation in summer 
—has already been mentioned ; another is the insignificant quantity 
of snow that falls each winter in these regions that are alinost com- 
pletely cut off from the great southern vapour currents. 

The lower limit of the snow in winter is usually about 6,500 feet in 
Kumaon and somewhat lower in Dehra Dun and the hills north of the 
Panjab. While it lies the temperature does not rise much above 32°, 
but it seldom falls in sufficient quantity to lie more than a few days at 
atime. About one year in ten the snow comes down as low as 5,000 
feet. The lowest level attained in the first half of the present cen- 
tury was about 3,000 feet in 1817 and 1847. In 1877 and 1878, 
though the snowfall was heavicr than it had been for many years, it 
did not come down much below 5,000 feet. A slight fall of snow is 
said to have been observed at Lahore on the 12th of January, 1874,! 

1 Pioneer, 17th January, 1874. 
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but no notice of this unprecedented occurrence was taken in the 
meteorological report for that month. 
One of the most important effects of solar heat upun the atmos- 

Atmospheric pressure _ Phere is the disturhance of its statical pressure 
and winds. relations, which in turn gives rise to those 
movements of adjustment towards equilibrium that are recognised 
as winds, The diurnal heating and cooling of the air causes certain 
oscillatory variations of pressure called the barometric tides, and gives 
rise to wind movements, such as the land and sea breezes and certain 
mountain winds that will be described below. The great unnual 
change of temperature between summer and winter, in like manner, 
causes an annual variation in the height of the barometer and sets 
up those great currents of the lower atmosphere that are called the 
monsoons. Since the temperature is constantly changing no such 
thing as a simple statical distribution of pressure ever exists, though 
the averages of long series of observations may approximate more 
or less nearly to what a statical distribution would be. The air is 
constantly in motion either horizontally or vertically, and these’ 
movements cause variations of pressure, just as variations of pressure 
produce movements. Cause and eftect, as regards pressure variations 
and winds, are thus so inextricaMly mixed up that it is next to 
impossible to disentangle them and show their relations clearly. 


There can be little doubt that both the daily and the yearly 
inequality of pressure grow less as we ascend ; and the annual vari- 
ation at least becomes quite altered in character at a moderate ele- 
vation ; but since the barometric variations depend upon the range 
of temperature which is possibly very great at great altitudes, while 
at a height of 6,000 or 7,000 feet it is lers than on the plains, the 
decrease of the pressure variations with height is not strictly propor- 
tional to that of the total pressure. Table VI. gives the mean monthly 
pressures at a number of stations, and Table VII. the average daily 
range between 9-30 or 10 a.m. and 3-30 or 4 p.m. The figures for 
Bareilly, Roorkee, Dehra, Mussooree (both stations), Ranikhet, Chak- 
rata, and Leh, have been corrected for the index errors of the baro- 
meters and are thus comparable with each other, except in so far as the 
different lengths of the periods of observation may cause the averages 
to differ ; the others involve an unknown barc meter error, which does 
not, however, affect the range of pressure, either diurnal or annual. 
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VI.—Monthly and annual means of Pressure at places in the Himdlaya. 
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27°734 
25°478 
24°704 
24°287 
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23°259 


19°604 


23°220 


19°578 


29°263 | 28-148 


28°967 | 28°856 
27°632 | 27°553 
25°442 | 25-429 
24°668 | 24-588 
24-304 | 24250 
24070 | 24-066 
23-868 | 23 832 
23°243 | 23-238 


19°640 | 19°649 


29-008 
28-744 
27-463 
25°361 
24°642 
24°211 
24-010 
23-760 
23°334 
23°194 


19°668 


28°924 
28°615 
27-346 
25°318 
24°422 
24°123 
23-932 
23-687 
23-267 
23°133 


19°650 


28931 
28-629 
27-348 
25-296 
24°434 
24104 
23°926 
23-693 
28249 
23°113 


19°616 


29°002 
28°694 
27-403 
25-323 
24°462 
24°143 
23-959 
23°716 
93:294 
23-158 


19-640 





29-097 
28-796 
27°495 
25-465 
24-578 
24-217 
24-023 
23758 
23: 858 
23-223 


19°692 


1 From one year’s observations by General Strachey. 
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29°439 
29°132 
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25°620 
24°73) 
24°323 
247134 
23-894 
23°423 
23°287 
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25°446 
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24:238 
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The double barometric tide that occurs regularly every day, espe- 
cially in tropical countries, is still one of the least understood of 
atmospheric phenomena. It has been observed at ull elevations in the 
Himélaya to which barometers have been carried, and with no con- 
siderable difference of phase,’ though the range and general form of 
the oscillation are not the same at different heights. It is thus 
probably something of the nature of a wave of expansion and con- 
traction propagated upwards and downwards with a velocity equal 
to that of sound. 


The amplitude of the daily tide bears an obvious relation to the 
diurnal range of temperature, for it is greater over land areas than 
over the sea, and in table VII. it is seen to decrease pretty regularly 
from the plains up to stations situated at an elevation of 6,000 or 
7,000 feet, where the range of temperature is least, becoming greater 
again at Leh, where the temperature range is large. Moreover, on 
the plains there is a well-marked annual variation of the daily range 
of the barometer, having its maximum in the hot-weather months, 
when the temperature range is greatest, and its minimum in the 
rainy season. But the inequality of temperature is not the only 
cause on which the observed barometric tideg depend ; for their am- 
plitude, as well as their general form, varies with the season, the 
latitude and the position of the place with respect to the sea and to 
mountain ranges, 


1 Professor Loomis, in the American Journal of Science for 1879, finds that at 
the top of Mount Washington the daily maxima and minima eet in three hours 
later than at the foot, though the difference of elevation between the two stations 
is only a little over 3,000 feet. This is quite unlike anything that occurs in the 
Himalaya, and is doubtless due to other causes than those which produce the diurnal 
tides.. Hourly observations made in India show that up to a certain moderate 
elevation the daily barometric maxima ahd minima are slightly retarded ; but this 
is dne to the mountain winds described below. At Leh, in the upper Indue valley, 
the diurnal winds cause the morning maximum to occur nearly an hour earlier 


than on the plains. This will be seen from the following table :— 
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The observed diurnal movements of the barometric column are 
in fact made up of several parts, only one of which is directly caused 
by the alternate heating and cooling which the air undergoes every 
day, though the others are all indirect effects of it. The direct effect 
of heating and cooling upon the pressure of the air has been more 
or less clearly explained by Espy, Davies, and. Kreil, but it has not 
yet been shown by strict mathematical reasoning that their explana- 
tion accounts for the whole of the phenomenon. There is firstly, 
with a rise of temperature ia the morning, an increase in the elastic 
force of the air, indicated by a rise of the barometer. But the in-' 
creased elastic force immediately sets up a movement of expansion, 
either vertically or it may be in some cases laterally, by which the 
pressure is diminished. The actual movement of the mercury in the 
barometer is determined by the difference of these, two actions ; and 
consists of a rise at first, up to 9 or 10 a.m., on the average, followed 
by a fall which goes on until some time after the hottest period of 
the day. It is easily seen that as long as the temperature continues 
to rise more and more rapidly, that is up to 9 a.m. or a little after, 
the first effect must outweigh the second, and the barometer will 
rise ; but as soon as the rate of increase of temperature begins to 
grow less, expansion will prevail and the harometer will fall. The 
expansion will not cease at the instant when the temperature reaches 
its maximum, but owing to the accumulation of motion it will go 
on for some time longer. Thus, there ought to be a barometric maxi- 
mum about the time of most rapidly increasing temperature and a 
minimum in the afternoon. In much the same way it can be shown 
that there should be a maximum in the evening, when the tempera- 
ture is falling most rapidly, and a minimum about the coldest time 
of the morning. 

The coincidence between the barometric minima and the extremes 
of temperature is usually very far from exact, the barometer in this 
country standing lowest in the mornings about two hours before the 
time of minimum temperature, and in the afternoon about an hour 
and a half or two hours ufter the hottest time of theday. This may 
perhaps be explained on the principle of forced oscillations, that in 
thie successive transformations which the energy undergoes, the oscil- 
lations approximate more and more nearly to simple harmonic waves 
with the maxima and minima separated by equal intervals. The 
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diurnal curve of temperature approaches more nearly to a simple 
wave form than that of the solar radiation which falls upon the earth 
at any place, and the double daily oscillation of pressure can be 
almost exactly represented by two waves superimposed. 

At most places in India and the HimAdlaya the minimum tem- 
perature of the day occurs about sunrise, that is at 6 a.m. on the 
average of the year, and the maximum is attained about 2 p.m. 
The daily rise of temperature therefore occupies only eight hours of 
the twenty-four, and the fall the remaining sixteen. On the princi- 
ple that the height of the barometer varies with the rate of change 
of temperature, the morning maximum should be much more decided 
than that of the evening ; and this is found by observation to be the 
fact, especially in the interior of India and other continental countries. 
Over the sea in tropical regions the periods of increasing and 
decreasing temperature are probably more nearly equal, and there 
the difference between the day and night waves of pressure is less. 


At places near the equator the epochs of maximum and minimum 
pressure hardly vary from month to month ; but in higher latitudes 
thé morning maximum and afternoon minimum approach each other 
when the days are short, and become more widely separated in the 
long days of summer. 

Besides this primary oscillation of pressure caused by the heat- 
ing and cooling of the air every day, the barometer indicates other 
changes due to the transfer of air by winds blowing to and from the 
place of observation, and perhaps also in some places it indicates 
other changes again due to the repetition of previous oscillations in 
the form of free waves. The great regularity and considerable range 
of the barometric tides over tropical seas where the daily range of 
temperature is small, may be thus to some extent caused by the repeti- 
tion of the waves of previous days. In high latitudes, where the 
days and nights are usually of very unequal length and the variation 
of temperature is irregular, the tides become feebler, and near the 
pole disappear altogether, for in forced vibrations of any kind regular 
periodicity in the cause is an essential condition. 


Near the coast the land and sea breezes modify the form of the 
diurnal pressure curves both at sea and on land. The transfer of air 
from sea to land during the earlier hours of the night renders the 
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nocturnal fall of pressure on land less, and at sea greater, than it 
would otherwise be, while the land breeze which blows in the fore- 
noons has a similar effect in the opposite direction. Over the water 
the morning minimum thus comes to be the lower of the two, in 
opposition to the usual rule! Among the mountains a very similar 
semi-diurnal transference of air takes place, causing two distinct 
types of barometric tides—the one characteristic of valleys and the 
plains near the mountain system, and the other of high ridges and 
detached peaks. These types can be readily distinguished in the 
following table, which gives the variations from the daily mean at 
the hours nearest the turnipg points of the tides :— 


4a. M. 10 a. M. 4PM. 10 PLM. 
a “ “ “ 
Bareilly ve 021 +060 — 047 +°008 
Roorkee « —=°920 +057 — 036 —001 
Ranikhet we 1025 +041 —018 +013 
Naini Tal «ve "028 +043 —012 — 003 
Chakrata ow 022 +035 — 015 —001 
Simla? see "047 + °063 —032 + 022 
Leh ww. = $011 +°037 — 049 +001 


At Bareilly and Roorkee, on the plains, the variation from the 
mean at 4 P. M. is twice as great as at 4 a. M. Atall the Himalayan 
stations except Leh, which is in a valley between two ridges, this 
relation is reversed. Over the plains and on the outer hills, as at 
Naini Tal and Chakrata, the pressure at 10 pr. m. hardly differs from 
the mean of the day. There is a small positive variation for this 
hour at Bareilly, and as we recede from the mountains and approach 
the sea the variation becomes greater ; but there can be little error 
in concluding from the above table that along the southern border 
of the Himalaya the pressure rises in the evening just sufficiently 
to touch the mean. At Simla and Raénikhet, some twenty or thirty 
miles in towards the centre of the mountain system, there is, how- 
ever, a well-marked evening maximum. This seems to indicate 
that the air contmues to accumulate over the interior of the moun- 
tain zone for some time after the current has changed on the outer 
ranges and the air has commenced to flow back towards the plains. 


, Blanford, J. A. S. B., Vol. XLVI., Part II., page 45. ? From General 
Boileau’s observations in 1843-45. The daily range given by these figures is nearly 
twice as great as that of the other stations at the same altitude. The reason is 


probably some difference in the form of the barometer or in the mode of applying 
the correction for capillarity. 
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The transfer of air from the plains to the mountains in the 
daytime and its retransfer to the plains at night, which, by partly 
counterbalancing the afternoon fall of the barometer in the moun- 
tains and correspondingly increasing it on the plains, cause the 
peculiarities of the pressure variations seen in the preceding table, 
are brought about by the expansion and contraction of the air under 
the influence of heat and cold. In the daytime the air over the 
plains expands more than that over the hills, because the total thick- 
ness of air is greater and the range of temperature is probably 
higher. The surfaces of equal pressure, which we may assume to 
be horizontal on the average, are thus raised more above the plains 
than on the mountains, and the air under the intuence of gravity 
flows down the incline towards the mountains. At night the air con- 
tracts and these surfaces sink more above the open plains than in the 
hills, and there is thus a slope or gradient in the opposite direction. 


The following is General Strachey’s description of the diurnal 
variation of the wind in Kumaon :— 

‘“‘ At most seasons of the year we find that on the Himalayan 
slope winds blow up the valleys during the day, that is from about 
9 a. M. to 9 P. M., and down them during the corresponding hours 
of the night, or from 9 Pp. M. to9 a. M. At the debouches of the 
principal streains into the plains, these night winds blow downwards 
with great violence, particularly in winter. I1n the interior of the 
mountains they are more moderate ; and at great elevations, and in 
the central parts of Tibet, the nights are almost always nearly calm. 
The diurnal currents from the south, on the other hand, increase in 
force as we ascend in height ; and along the Indian watershed and 
the neighbouring parts of Tibet they are excessively strong ; so 
that in travelling there, I have often looked forward to the after- 
noon, when they are at their height, with real dread ; and the natives 
of the country invariably endeavour to cross the high passes of the 
Indian watershed early in the day, for the purpose of avoiding the 
fury of the afternoon wind. As we advance further into the tuble- 
land, however, their power rapidly ceases. 

“These winds, though on the whole blowing from the south-west 


during the day and from the north-east at night, that is perpendi- 
cular to the general line of the mountains, are naturally constrained 
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to follow the course of the deep valleys up which they pass, so that 
their direction is sabject to endless local variation ; and, excepting 
on the tops of the hills, little information can be obtained by a 
register of the direction of the wind on the Himélaya, beyond the 
fact.of there being an up or down current. In the part of Tibet I 
visited, near the Indian watershed to the north of Kumaon, the 
day wind seemed to commence in the south-east quarter about 9 a.u., 
and gradually to shift round with the sun as the day advanced, 
ending in the south-west quarter about 9 p.m. On several occa- 
sions in these localities I also noticed the wind blowing faintly from 
the north early inthe morning. «© * © © #© «© # # # @ 


“The calm nights of the table-land and the higher mountains 
would (according to the theory above stated) be a consequence of their 
position in the centre of the mountain area, where the down current 
would originate, and therefore have the least force, though it be still 
felt in the faint northerly winds that are often observed near the 
Indian watershed. 


“The violent night winds from the gorges by which the principal 
rivers leave the mountains would not appear to be altogether due 
to the same cause which produces the ordinary down winds, but to 
the accumulation of cold air in the deeper valleys to which I have 
before alluded. The air collected in these aérial lakes, as they may 
be called, having no means.of escape but the openings through which 
the drainage is carried off, pours from them in a current the velo- 
city of which will be dependent on the depth and area of the 
mountain basin from which it flows.” 


General Cunningham also states that in Lad&k and Spiti the 
southerly or south-westerly day wind usually begins about 9 A. M., 
the wind blowing faintly from the north about midnight and from 
the north-east in the early morning. 

The day and night winds are probably strongest about 4 P. M. 
and 4 a. M., and the pressure and temperature observations made at 
these hours on the plains and at the hill stations indicate clearly 
enough that the direction of the baric gradient is from the plains 
tewards the mountaine in the afternoons, and from the mountains 
towards the plains in the mornings. When the pressures of Roorkee 
and Bareilly at 4 4. Mm. are reduced to the level of Chakréta and 
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Rénikhet respectively, and are corrected for any residual gradient 
to or from the mountains discovered by similarly reducing the mean 
pressures to the level of the hill stations, it is found that there is a 
pressure difference of -077” at Chakrhta and -055” at Ranikhet, 
sending a wind towards the plains. At 4 p.m. the gradient is 
towards the hills, and is equal to -062” at an elevation of 7,000 feet 
between Roorkee and Chakréta ; while between Bareilly and Réni- 
khet it is equal to 045” on the average of the year. On the southern 
border of the mountain zone the gradient causing the down wind 
at night is therefore rather greater than that which causes the up 
wind during the day. 


When the pressures of Roorkee at 4 a.m. and 4 P.M. are reduced 
to the level of Leh, a station beyond the Indian watershed, the 
gradients are found to be -033” in the morning and °182” in the 
afternoon. The pressure difference causing the day wind at great 
elevations thus appears to be nearly six times as great as that which 
causes the night wind ; but this relation is much exaggerated, no 
doubt, by the peculiar form of the pressure variation at Leh, which 
cannot be taken as a typical mountain station. This peculiar vari- 
ation is doubtless due to the position of Leh in a narrow valley 
between two parallel mountain ranges. In the daytime the air of 
the valley expands and flows towards the mountains, and at night 
it again accumulates over the valley. In this way the nocturnal 
barometric tide is completely obliterated, and the afternoon fall of 
the barometer is rendered much greater than it would be on an open 
plain at the same altitude. 


In April, May, and June the afternoon winds of the mountains 
blow with greatest violence, because in these months the range of 
temperature both on the plains and among the mountains is great- 
est. In these three months we find the afternoon fall of the 
barometer on the plains at a maximum, while at the hill stations it 
is less than in the cold weather. The noctarnal inequality of prese- 
ure is then at a minimum on the plains and valleys and at a maxi- 


mum on the hills. 


The annual variation of pressure differs from the diurnal in that 
no part, or an exceedingly minute part, of it is due to direct increase 
or decrease of elastic force accompanying gain or loss of heat. The 
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rise of temperature in the first half of the year and the fall in the 
latter half are accomplished so slowly that the increase or decrease 
of elastic force cannot sccumulate, but is lost in expansion or con- 
traction. The annual variation is thus almost entirely a secondary 
effect due to the movement of air both vertically and horizontally. 
When the temperature of the air over India changes the air expands 
or contracts, and the hypothetical surfaces of equal pressure widen 
out or come closer together than they were before ; and since the 
annual variation of temperature over the south of India is very small 
in comparison with that which occurs over the northern plain and 
in Central Asia, the vertical range through which these surfaces 
travel in the course of a year will be greater on the HimAlaya than 
under the equator. In the cold weather, for example, the planes of 
30, 29, 28, &c. inches are wider apart vertically over Ceylon than 
in Northern India, while at the end of the hot and in the rainy season 
the opposite relation obtains. 

If there were no lateral movements of the air the pressure at a 
station on the plains would be nearly constant all the year round, 
while at the hill stations it would be least in winter and 
greatest in summer, because in the latter season a larger fraction of 
the total atmosphere than usual would be elevated above the place, 
while in the winter less than usual would lie above it. In winter, 
however, the planes of equal pressure in the upper regions of the 
atmosphere over India all slope towards the north, and down this 
slope winds blow, causing an accumulation of air over Northern 
India which renders the total pressure observed on the plains at 
that season greater than in summer. As regards mountain stations, 
it depends entirely on the height of the place whether the influx of 
air from the south will be more or less than sufficient to compensate 
for the contraction and sinking of the atmosphere in winter. At 
all the hill stations in Table VI. above 5,000 feet elevation there 
are indications of a winter minimum of pressure, though this is not 
the lowest minimum except at Leh, the most elevated station of all. 
There the pressure is least in the beginning of February, whereas at 
all the other stations, as on the plains, it is least in June and July. 

During the cold weather winds are usually blowing out from 
Northern India towards the south along the surface of the ground 
at the same time that other currents are blowing northward in the 
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upper strata ; the apparent direction being modified in either case 
by the rotation of the earth on its axis and by friction against the 
ground surface. On the plain of the Ganges the conformation of 
the surface makes the lower winds have a north-westerly direction. 


As the tenperature rises the air over India expands and a larger 
and larger proportion of the total atmosphere is lifted above the level 
of the hill stations. In consequence of this the barometer at first 
rises at the higher hill stations ; and it simultaneously sinks over the 
plains and the lower hills owing to the outward movement of the air. 
As the season advances more and more air is removed from India by 
the strong day winds which blow in the hot weather as well as by 
the winds over the Indian watershed that have been already described, 
while but little is restored by the feeble night winds that come from 
the opposite quarters ; the barometer continues to fall over the plains, 
and the rise observed at the hill stations in spring is soon also chang- 
ed to a fall, except at Leh, where the barometer continues rising 
until May. In the upper half of the atmosphere, that is, above the 
plane of 15 inches pressure, the summer depression of the barome- 
ter, which at Leh is feebler than that of winter, probably disappears 
altogether, and the barometer stands highest in the hottest season as 
it would do at all elevations if there was no transfer of air from place 
to place by lateral currents or winds. 

When the temperature of Northern India is at its maximum in 
the latter half of June, the planes of equal pressure are widest apart, 
and they all slope towards the north in the lower half of the atmos- 
phere. Winds consequently blow in from the sea towards the land 
in the lower strata, and there are possibly upper currents in the op- 
posite direction, though the existence of such has not yet been estab- 
lished. This relation continues until the autumnal equinox, after 
which the temperature falls rapidly, and the atmosphere contracts 
and sinks so as to reproduce the. conditions characteristic of the cold 
weather. The cooling of the air at this season, like the heating of it 
in spring, produces a differential effect on the height of the barome- 
ter at the hill stations, which again have a maximum of pressure in 
November. 

When the etfects of the two actions above described—the expan- 
sion and contraction of the atmosphere vertically, and the lateral 

30 
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transference of air by winds—are borne in mind, some curious and at 
first sight inexplicable peculiarities of the annual variation of press- 
ure become intelligible. For example, on the plains the barometer 
almost invariably stands higher in December than in January, 
though January is the colder month of the two. This anomaly at 
once disappears when we remember that the total pressure of the 
air on the plains, considered statically, is made up of two parts— 
that of the air from the plains up to the hill stations, and that of 
the air lying above the hill stations. The latter part appears trom 
the observations of Leh to be greatest in the first fortnights 
of May and November, and least in the corresponding parts of 
February and August; and if the monthly means for any station 
on the plains or lower hills be subjected to harmonic analysis, the 
annual variation will be found to be very closely represented by two 
harmonic waves—one of annual period, reaching its maximum at the 
time of greatest cold in the beginning of January, and the other of 
six months’ duration nearly coinciding in phase with the pressure 
variation at Leh. The amplitude of the first of these undulations, 
which is as much as six tenths of an inch at some places on the 
plains, rapidly diminishes as we ascend, and passing through a zero 
value at about 10,000 feet elevation, re-appears at Leh in nearly 
the opposite phase, the minimum falling in winter. Thc amplitude 
of the half-yearly oscillation increases slightly as we ascend, but it 
appears to vary with distance from the plains in a horizontal direc- 
tion tather than with height. The observed pressure on the plains, 
being due to the superposition of the two waves, is highest in 
December—that is, between the dates when each wave separately 
attains its maximum. 

The truth of this theory of the annual change of pressure may be 
more clearly seen from Table VIII., where the monthly variations of 
the barometric weights of three successive strata of the lower atmos- 
phere from their annual mean values are compared with the simul- 
taneous variations of temperature. The last double column gives 
the variations for the whole thickness of the atmosphere from the 
plains up to 11,500 feet above sea-level. 
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The barometric weight of each stratum and of the whole thick- 
ness—that is, the difference between the observed pressures at the 
top and bottom—varies inversely with the temperature, and the one 
variation is as nearly as possible proportional to the other. The only 
exception worth noting is that in the month of November the stati- 
cal pressure of the stratum between Chakrdta and Leh is less than 
it should be according to the temperature figures. This anomaly, 
however, would probably disappear from the means of a longer 
series of observations. 

The annual variation of the wind in Northern India is for the 
most part such as should accompany the pressure variations above 
described, according to the usually received ‘“ convection current” 
theory ; but there is one important feature ofthe winds of the plain 
that has not yet been satisfactorily explained—namely, the prevalence 
during the hot weather of strong north-westcrly winds when the 
distribution of temperature and pressure should, by the theory of 
convection currents, give rise to winds with a southerly element. 
These “ winds of elastic expansion,” as they have been called by Mr. 
Blanford, actually blow sometimes from places where the mean press- 
ure is low to others where it is slightly higher. They are the 
strongest winds of the year on the Indian plain ; they blow only in 
the daytime, and since there is no compensating current of any 
appreciable strength at night, they are probably the chief agency in 
that removal of air from Upper India which causes the great 
summer depression of the barometer. They are not confined to 
India, but are equally characteristic of Afghanistan ; and Colonel 
Prejevalsky encountered winds perfectly similar in everything except 
temperature in various parts of the Gobi desert and on the Alashan 
plateau north-east of Tibet. On the southern slope of the Himalaya 
these winds are sometimes met up to elevations of 6,000 or 7,000 
fect, and when they blow the air is unusually dry and full of dust. 
At greater elevations, however, they are either not felt or become 
undistinguishable from the ordinary up currents that blow during 
the day. 


IX.—Mean resultant wind directions at places in the Himdlaya. 





Namber of years. 



















































































































































Place. bp p | as Z a g 3 

Es E é b 2 P EB 3 3 § F 

ka em ae Vee eg eae a 
Bareilly « |N.67°W. |N.54°W. |N.56°W. |N.56°W. |N.82°W. — 8.66°E. | S.64°E. . (N.54°W. [N.65°W. 
Roorkee wee [N.71°W. IN.51°W. |N.76°W. |N.78°W. | 8.21°W.| 8 6°R. | 8.40°R. | 8.34°E. §.30°E. | 8.18°E. {N.74°W. 
Dehra --- | 8.72°W. | 8.67°W. | 8.79°W. | 8.74°W. | 8.58°W.| 8.66°W. | 8.67°W.| 8.56°W. |N.61°W, | N.64°W. |N.78°W, |N.89°W. 
Dhbarmedla ... | §.71°W, | 8.73°W, | 5.80°W. | 8.69°WW. | 8.59°W. | 8.66°W. | 8.71°W. | 8.71°W,| 8.57°W. | S.66°W. | 5.62°W. | S.59°W, 
Ranikhet «-» | 5.81°W, | 8.54°W. | 8.57°W. | 8.63°W | 8.63°W, | 8.75°W. | 8.77°W. | S.72°W. | S.61°W. | S.53°W. | 8.56°W. | 8.60°W, 
Naini Tal ... |8.49°E. | 5.39°R. 8. |9.57°E. | S.49°E. | 8.40°R. | 8.41°R. | 8.44°E. | §.44°R. | 8.41°E. | 9.38°R. | 5.41°R. 
Chakréta »»- | 8.69°W. | 8.19°E. 8.59°W. | 8.55°W. | 8.74°W. | 8.51°W. | 8.55°W. | 8.50°W. | 8.28°W.| 8.29°W. | 5.18°W. 
Leh we | 8. 8°W.] 8.11°W . | §.22°W. | 8.40°W. | 8.52°W, | 8.57°W. | 8.55°W. | 8.29°W. | 8.87°W.] 5.27°W. | 8.17°W. 
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From the preceding table it is seen that though the change of 
the prevailing wind from north-west to east or south-east at the 
commencement of the rains is very distinctly marked on the plains, 
no such change takes place at the hill stations. Even at the lowest 
of these, Dehra, the resultant wind varies only from about three 
points north to the same distance south of west. At all the higher 
stations the prevailing direction in every month is southerly or 
south-westerly, with modifications depending on the form of the 
ground,—at Naini Tal, for instance, the winds are generally south- 
easterly. The only notable variation of the wind direction is a 
deflection towards the east at Chakrata (also at Simla, Marri, and 
other stations on the north-western Himélaya) at the time when 
the winter snows and rains are heaviest. The cause of this has 
not yet been ascertained. 

The wind direction at the hill stations changes so little from 
month to month because the winter monsoon is of no great vertical 
thickness, while that of the summer months extends to a much 
greater elevation than the highest station at which observations 
have been made. When northerly or north-westerly winus are 
blowing on the plains, the return current from the south-west is 
felt on the mountains at all elevations above the first few thousand 
feét ; and when southerly winds blow over the plains, the return 
current, if it exists atall, lies at a very great altitude. The exist- 
ence of this return current from the north during the summer 
monsoon may possibly be proved by cloud observations. Dr. 
Scully’s observations on the way back from Yarkand in August, 
1875, tell neither for nor against it, the resultant of all the wind 
directions observed at elevations above 14,000 feet being due west. 


In the next table the vertical thickness of each monsoon current 
on the Himalayan slope has been computed approximately from 
observations made at pairs of hill stations in the north and south of 
India. The northern stations are Rookee and Chakrata, and the 
southern ones, Colombo and Newara Eliya in Ceylon. To render 
the figures directly comparable, the observed pressures at the hill 
stations have been reduced to the common elevation of 7,000 feet, 
and those of the lower stations to sea-level, as was done by Mr. 
Blanford in drawing up a similar table in the Indian Meteorolagist’s 
Vade Mecum, page 175. 
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X.— Vertical thickness of the Monsoon Currents. 


Mean pressure at 
7,000 fect. 



















eee 23°388, 23°353) + °035 
.-.| 23°387, 23°337) + °050 
.«-| 28°379| 23°310) + °069 
--.| 28°389| 23°270) + °119 
-++|,23°348] 23°179| + °169 
..| 23°343] 23-160) +.°183 
eee eee 23°205| +°139 
«0! 23°359; 23-270] + 089 


80 021 
29°911 , $0°078 | —°167 
29°915 | 30070 | —-155 
29°917 | 29-994 | --077 | 27°35 | 2,650 
29°856 |29°483 | +°373 | 17-96 | 14,130 
29°874 | 29°508 | +°366 | 16-81 | 15,980 
29879 | 29-576 | +-303 | 17-80 | 14,870 
29°897 | 29-684 | +-213 | 18-67 | 13,140 
At 7,000 feet elevation the pressure gradient in both seasons is 
such as to send a current from south to north, while at sea-level it 
is only in the winter season that the wind blows from north to south. 
The neutral plane separating the lower wind current from the sup- 
posed upper return current is nearly 16,000 feet above the sea in 
the height of the rainy season ; but in the cold weather, especially 
in January and February, the neutral plane is below the level of 


the hill sanitaria. 

The heights in the table represent only the appraximate mean 
positions of the neutral plane for the several months. In reality its 
height is constantly fluctuating, and thus in the winter season it. often 
sinks so low as to strike the Indian plain below the base of the hills. 
A moist easterly or south-easterly current then blows for several days 
at atime in Upper India, bringing the winter rains, while in Southern 
India the wind may be northerly. The prevailing direction of the 
wind on the plains is, however, always northerly in the cold weather, 
in accordance with the mean position of the neutral plane. 








The pressure gradients both at sea-level and at 7,000 feet are much 
greater in summer than in winter. In the latter half of October and 
the beginning of November there is hardly any gradient either way, 
and at that time feeble winds and calms prevail. The velocity of the 
wind being directly proportional to the baric gradient (except perhaps 
in the case of anomalous currents like the “ winds of elastic expansion” 
which blow down the valley of the Ganges in the hot weather), this 
velocity should be greater in the rainy season than in winter. 
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ATI—Monthly mean velocity of wind in miles per diem. 




















i] als 
Station. S EB § 5 A 5 
Q > 

2(/4)e/8iz2|/ais 
Roorkee, | 55 18-3] 65°6| 58°8| 35°38] 31-3) 35-7| 63-5 
Bareilly, | 70 05°5} 75°9} 71°6| 41°0|. 42-3) 51°6| 84°3 
Dehra .. 349 29°6} 34°1) 42°6] 50-9] 47:4] 47°3 
Rénikhet,| 71- 29°1/150°3/136-4/116°6} 99°5) 95-0/109°4 
Chakréta,|114- 10°1) 88°6/100-3}116-1/105-9) 103-3!117°7 











Table XI. shows that on the plains and at Ranikhet (for which 
station more observations are required to get a good average) the 
wind velocity is least in winter, but that at Chakrata it is least in 
the rains. At the hill stations the winds are chiefly of the diurnal 
kind, and are feeblest when the temperature range is least—that 
is, in the month of August. 


The quantity of water vapour present in the air at any time is a 
most important meteorological condition. It 
depends on the temperature, the distance from 
the sea or other evaporating surface, and the direction of the wind. 
These relations are very distinctly marked on the North Indian plain, 
where the high temperature range in the yearly period and the semi- 
annual change of the winds combine to render the proportion of 
vapour in the air during July and August nearly three times as great 


Humidity and cloud. 


asin December and January. A high temperature cannot of course 
increase the quantity of vapour in the air, unless it be in a region 
where vapour is being generated. Accordingly we find in Table XII. 
that the vapour pressure at Roorkee, on the drier part of the plain, 
hardly varies from December to April, though as soon as the sea 
winds set in, which they sometimes do in the middle of May, the 
proportion of vapour rapidly increases. At Bareilly, where the 
surrounding country is moister and better wooded than at Roorkee, 
there is a slight increase of vapour in the hot-weather months. 
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The tensions in the foregoing table have been computed from 
observations of dry and wet bulb thermometers. The formula used 
for the most part has been Apjohn’s ; but all the figures for Leh and 
Musooree, and those for the last four years at the other stations, have 
been.computed by means of certain tables based on August’s formula. 


On the southern slope of the mountains the annual variation of 
vapour tension is similar to that which obtains on the plains, though 
because of the considerable evaporation from the forest-covered 
slopes, and the occasional showers of rain which fall, the increase of 
vapour during the hot weather goes on much more uniformly than on 
the plains. At Leh, where hardly any precipitation occurs at any time 
of the year, but in the neighbourhood of which there ie some cultivated 
land irrigated from the hill streams, the annual variation of vapour 
tension is determined almost entirely by the temperature. In the 
valley of Yarkand the quantity of vapour in the air is similarly 
determined by the temperature and the extent of irrigation. 

In the mountains the mean vapour tension. decreases very rapidly 
with the height, on account of the rapid decrease of temperature as 
we ascend. If Dalton’s law, that in a mixture of gases or vapours 
the pressure of each is the same as if it filled the whole space alone, 
were applicable to the atmosphere, as i¢ sometimes supposed even 
yet, then the pressure or tension of vapour observed on the plains 
ought to be reduced one-half on ascending through 29,000 feet; 
but it is found by observation that a vapour pressure equal to half 
that observed on the plains is attained at an elevation of 7,000 or 
8,000 feet. This was pointed out by General Strachey in the Pro- 
ceedings of the Royal Society for March, 1861, where he has shown 
that the observations of Mr. Welsh in balloon ascents, those of Dr. 
Hooker in Sikkim, and his own observations in Kumaon (most of 
which are included in Table XII.), make it perfectly certain that the 
proportion of water vapour which exists at any given elevation is 
determined, not by Dalton’s law, but simply by the temperature. 
The vapour raised from the earth’s surface is constantly diffusing 
upwards, and would go on doing so until it attained the state of 
equilibrinm represented by Dalton’s law ; hut the temperature falls 
so rapidly as the height increases that saturation point is reached and 
the vapour is partially condensed into cloud or rain long before the 
barometric equilibrium is attained. 
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In the third column of Table XITI. the figures given in the previous 
table have been compared in a manner suggested by Strachey. The 
tension of vapour at sea-level under Kumaon and GarhwiAl has been 
computed for each month, by multiplying the mean of the observed 
tensions at Roorkee and Bareilly into the ratio between the tension of 
saturated vapour at the sea-level temperature and that of saturated 
vapour at the temperature of the plain ; that is to say, the temperature 
is supposed to be corrected for elevation above the sea while the degree 
of saturation remains constant. The figures in Table XII. have then 
been divided by the corresponding tensions at sea-level, and the average 
of the fractions for all the months has been calculated for each elevation. 
Finally, from these results the ratio of the tensions at each even thou- 
sand feet above the sea has been found by interpolation. The second 
column of the table gives the results of Sir Joseph Hooker’s observa- 
tions in Sikkim compared with those taken at the meteorological obser- 
vatory of Gwalpara near the foot of the hills, and the fourth column has 
been computed from the observations in General Cunningham’s Laddk 
and those taken by Dr -Scully on the way back from Yarkand in 1875. 
The latter have been published in the Indian Meteorological Memoirs, 
No. VIII. The base station for the Kashmir group is Rawal Pindi. The 
figures opposite 7,000 feet in the second and fourth columns are derived 
from the monthly means of the Darjiling and Marri observatories. 

ALII.—Proportions of vapour tension at various elevations in the 

- Himdlaya. 
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The mean of all three sets of observntions probably represents 
very closely the actual diminution of vapour pressure on ascending 
in the Himélaya. It decreases with more regularity than either the 
Kumaon or Kashmir series of observations alone, and it agrees very 
closely with the series for Sikkim, where the relative humidity, or 
percentage of saturation, varies much less than in the western 
Himalaya. The last column of the table bat one gives a series of 
ratios calculated on the assumption that the degree of humidity is 
the same at all elevations, and that the temperature of the southern 
slope of lhe Himalaya decreases at the mean rate above found—one 
degree in 361 feet. This series agrees very closely with the average 
of the results given by observation ; though from 2,000 to 10,000 feet 
the calculated ratios are all considerably less than those observed in 
Kumaon. During the hot-weather months the degree of saturation 
on the plains below Kumaon falls exceedingly low, while on the hills, 
as has already been stated, the air remains much moister ; at Dehra, 
for example, the vapour pressure in March, April, May, and June is 
greater than at Roorkee owing to local evaporation. Thus on the 
average of the year the relative humidity of the air in the Kumaon 
hills is considerably greater than over the plain. On the other hand. 
the observed ratios from 14,000 feet upwards are‘ less than those 
given by calculation, becanse most of the observations at these 
ultitudes were made at places lying behind the snowy range. 


In the last column are given the ratios calculated by the log- 
arithmic formula, log p = log P— jm where A is expressed in feet. 
Dr. Julius Hann, in an article inthe Austrian Meteorological Society’s 
Journal for 1874, page 193, has deduced from all the available obser- 
vations on mountains and in balloons a similar formula in which the 
numerical constant is 6,517 metres, or 21,382 feet. On the assump- 
tion that this formula holds good to some distance beyond the limits 
of observation, we find that an elevation of 23,000 feet, or about the 
average height of the snowy peaks, the quantity of vapour in the 
air is only one-tenth of the quantity at sea-level. The extreme 
dryness of Tibet and Ladék is thus easily accounted for. 

The logarithmic formula has the advantage of enabling us to 
calculate approximately the total quantity of vapour in the air 
at any time, by an application of the integral calculus. ‘sing 
the generally received values for the density of water vapour and its 
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co-efficient of expansion with heat, and exterding the integration to 
an infinite height above the ground, it is found that the depth of 
water that would be formed by the complete condensation of the 
vapour over a given area 1s almost exactly three times the height of 
the mercurial column which measures the pressure of the vapour at 
the bottom. In the rainy season for example, when the pressure 
of vapour over the Indian plain is equal to about an inch of 
mescury, the complete precipitation of the vapour would yield only 
three inches of rain, that is, less than the quantity which sometimes 
falls in two or three hours. A continuous downpour amounting to 
fifteen or twenty inches, such as frequently occurs in India, must 
be fed by a powerful indraught of moist air. 


The relative humidity of the air is probably greater at all cleva- 
tions on the Himalayan slope than either on the plains or on the 
Tibetan plateau beyond the Indian watershed ; and it is doubtless 
greater on forest-clad slopes and valleys than on steep and bare 
mountain sides. Ong high ridge, too, which intercepts and deflects 
upwards the prevailing south-west winds, thereby cooling them and 
partially condensing their vapour, the degree of saturation is 
greater than on the lower ridges or valleys behind it ; for the air 
in sinking after crossing the high ridge is warmed and rendered 
capable of absorbing more moisture than it has been able to retain 
in crossing the ridge. Thus Naini Tél, independently of the influ- 
ence of the lake, is always much moister than Ranikhet or the 
nutoriously dry and bare station of Almora. The registers of 
the meteorological observatories do not, however, illustrate this 
very well; for at several of them observations have only been 
taken in the daytime, when the relative humidity is below the mean ; 
and the humidities recorded at the old observatory of Naini Tél are 
quite untrustworthy and in many cases impossible. At Bareilly, 
Roorkee, Ranikhet, and Chakrita observations were taken both 
night and day for some years, at the hours of ten and four. If the 
means of the four observations at these hours be adopted as daily 
means, Chakrata appears to be the most humid of the four stations, and 
Roorkee and Rinikhet the driest, though the difference between 
Chakrata and Roorkee or Ranikhet is less than might be snticipa- 
ted. The humidities of the other places in Table XIV. have been 
calculated approximately from the monthly means of temperature 
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and vapour tension. The figures for Leh in the winter months are 
doubtful ; the psychrometer generally giving unreliable results when 
the temperature falls much below freezing. 


XIV.— Approximate mean humidities of places in the Himdlaya. 





The relative humidity of the air at ail elevations up to 11,500 feet 
is subject to a double annual variation, one maximum occurring at the 
time of greatest cold, and the other in the middle of the rainy season. 
At Leh the summer maximum is very faintly marked, nine-tenths of 
the vapour brought by the south-west monsoon being cut off before 
reaching the station, and at Dharmséla, north of the Panjib, the air 
appears to be slightly more humid in winter thaninsummer. Atallthe 
other stations the maximum degree of humidity is reached in August. 


In April and November the air is dry, especially in the former 
month, when, during hot winds from the north-west, the percent~ 
age of saturaticn over the plains often falls as low as 5 or 6. In 
the hills, at Aimora and Ranikhet, the humidity of the air frequently 
sinks to 25 per cent., but is seldom less than 20 per cent. The 
month of November and the beginning of December appear to be 
quite as dry as April at the higher hill stations, where these months 
are rainiess, while showers sometimes fall in April; but on the 
plains, because of the low temperature of November and the mois- 
ture left in the ground by the summer rains, the air is still compa- 
ratively moist. In the cold weather the Sub-Himdlayan stations are 
more humid than the hill stations on the average of the twenty- 
four hours, probably because the air, which is cooled and has its 
relative humidity increased by radiation during the night, drains away 
from the hills and collects over the plain. At this season the air at the 
hill stations appears to be drier in the mornings than in the evenings. 
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The humidity of the upper regions of the atmosphere, as 
indicated by clouds, is always greater in the daytime than at night. 
On the outer slope cf the Himdlayan chain the variation is doubtless 
quite: as distinctly seen as anywhere else in the world, but it has 
not been recorded in the observatory registers, where only the 
amounts of cloud seen at 10 a.m. and 4 p.m. have been entered. The 
variation is, however, probably very similar to that which occurs 
_over the plains, where the sky is most serene about 10 p.m. and 
most cloudy at the hottest time of the day, when the upward con- 
vection currents are strongest. In Table XV. the figures represent 
the means of the 10 a. m. and 4 P. m. observations, and they are 
therefore a little above the true mean for the day. 


X V.— Average proportion of cloudy sky in tenths of the expanse. 
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The annual variation of cloud is similar to that of the relative 
humidity of the air near the ground. It has two maxima, in the 
cold weather and the rainy season, and two minima, in April or May 
and in November. April is cloudier than November, probably be- 
cause the upward movement of the air during the day then prevails 
over the downward movement at night, while in November the preva- 
lent movement is downward. In this way the air in the upper 
strata is dynamically cooled in the hot-weather months and dyna- 
mically heated in November. The variation of humidity at the hill 
stations is intermediate in character between that observed on the 
plain and the variation in the cloud-bearing strata of the atmosphere. 

No direct observations of the heights of clouds above the ground 
have been made in the Himélaya. The ordinary clouds of the 
rainy season that look like broken cumulus from below are often 
not more than 5,000 or 6,000 feet above sea-level, hill stations 
like Naini Tél and Mussooree being frequently enveloped in them 
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for days. They sometimes even extend down to the level of the 
plains, the whole mass of the mountains up to the snows being then 
shrouded in fog. From the vapour tensions given in Table XIII., 
and the temperature decrements in Table V., it is possible to calculate 
approximately the average height at which a mass of air rising up 
from the plain would reach the dew-point and begin to form cloud. 
In January this height is a little over 4,000 feet above the plain, or 
about 5,000 feet above sea-level. Ln April and May the height above 
the plain is 8,000 feet, and at this time of the year it is rare to find 
clouds resting on the outer ridges of the Himalaya, though great 
banks of them are formed every day along the southern face of the 
snowy range. In the rainy season, that is, between the middle of 
June and the end of September, the average height at which 
clouds would commence to be formed in a rising column of air 
is 3,100 feet above the plain or about 3,900 above see-level. 
This probably coincides very nearly with the zone of greatest 
rainfall on the mountains. In August, when the air is most humid 
and rainfall most frequent, the average lower limit of cloud is 
probably about 3,200 feet above the sea. 

Regarding the upper limit of cloud nothing is known. The 
light feathery ice-cloud called cirrus, seen above the plains of Tibet 
and the passes over the Indian watershed, appears quite as high as 
when viewed from the Indian plain. It is probably formed at all 
elevations to which water vapour extends, though what the upper 
limit of vapour is we do not know. If we assume the cirrus clouds 
over the Tibetan plateau to be twice as high as the plateau itself, 
say 30,000 feet above sea-level, the quantity ot vapour in the air 
would be only one-twentieth of that observed on the plains of India, 
but it would probably be quite sufficient to form light clouds. 

The distribution of rain both on the plains and on the mountains 
has already been described in a general way. 
The plains of Northern India, between the 
mountains and the Jumna river, ora line drawn north-westward from 
Delhi beyond the river, may be divided into roughly parallel zones of 
equal rainfall, that which receives the greatest amount of precipitation 
lying nearest to the Himdlaya. The breadth of each of these zones 
gradually diminishes towards the north-west and widens out in the 
direction of Bengal, because, the prevailing wind of the rainy season 


Rain and snow. 
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being easterly over the plain, the supply of vapour gredually dimi- 
nishes and the rains become lighter as we pass from east to west. In 
Table XVI., the average monthly rainfalls of 15 places on the plains 
near the base of the hills of Kumaon, GarhwAl, and Dehra Dun, are 
given. The first group of stations is at an average distance of 20 to 30 
miles from. the base of the hills, and the distance of the other group 
is under 20 miles. In both groups the stations are arranged in 
order from east to west. The table might be extended indefinitely 
in both these directions as well as southwards, but little would be 
gained by doing so, since the distribution of rain above described is 
seen clearly enough from the figures as they stand. 

The average rainfall of the line of stations at a distance exceeding 
twenty miles from the Himélaya is 40°1 inches, and that of the 
stations at a distance less than twenty miles is 46°6 inches. In each 
group the total rainfall gradually diminishes in passing from the 
extreme east of Rohilkhand to the neighbourhood of the Ganges, 
where it increases suddenly and again gradually shades off to the 
westward. The mean wind directions for the rainy season at Roor- 
kee, Meerut, and Delhi indicate that there is frequently a sort of 
eddy formed at that season near the upper course of the Ganges, 
probably by the meeting of the south-east winds of the plain with 
south-west winds from the Arabian Sea that have been deflected 
northward by the Aravali hills in R&jputdna, and this may be the 
cause of the increased rainfall that is observed. 

On the mountains the rainfall varies rapidly with height, and 
its quantity is to a very great extent dependent on the situation 
of the place to the windward or leeward of high ridges and peaks. 
At fairly exposed stations of nearly equal altitudes there is a gradual 
diminution of the annual rainfall on passing from west to east, and 
between the Ganges and Jumna there is a slight increase perfectly 
comparable to that which occurs on the plain in the districts of Bijnor 
and Sahdranpur. Thus the annual rainfall of Darjiling is 120 inches, 
that of Naini Tal 91 inches, that of Mussooree 95 inches, and that of 
Chakrita, Simla, and Marri 62, 68, and 58 inches respectively. 

The next table gives the average monthly and annual rainfall of 
twenty places on the Himalayan slope, classified into three groups 
according to their positions near the foot of the slope, on the outer 
high ranges or on the inner ranges and valleys. 
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The influence of an elevated ridge in diminishing the rainfall 
of the valley behind it is seen on comparing the rainfall of Almora 
with that of Naini Tél. or even by comparing Srinagar with Pauri, 
though both of these lie far in the interior of the mountain system. 
A much greater contrest is observable between Bhogpur, at the foot of 
the mountains overhanging the gorge of the Ganges above Hardwir, 
and Dehra, in the Dun, behind the central and highest part of the 
Siwalik chain. The rainfall of Bhogpur, given by the observations 
of two and a half years is, however, probably too high. 

The variation of rainfall with height can onty be roughly determin- 
ed, because every high ridge and peak thus cuts off the supply of vapour 
from the lower ground to the north of it. In Table XVIII. an attempt 
has been made to determine it approximately from the rainfall figures 
in the first two sections of Table XVII., together with those of two on 
three places in the hills north of the Panjab and the observations made 
by General Strachey at Niti in 1849. The ratio between the mean 
rainfall of each hill station and that of the nearest station or stations 
on the plains, for the same years, is given in the last column. 

X VIUT.—Rainfall of the outer slope of the Himdlaya compared to 
that of the neighbouring -plain. 
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Mussooree (1) 142°2 |Roorkce Sa 32: 4-44 
Mussooree (2) 95-2" Ditto wee : 5,660] 2°29 
Naini Tal 909 |Rudarpur ase 3 2-07 
Simla 68°6 | Ambala seis . : 1:90 
Chakrita 62-2 {Saharanpur and Ambala, i 360] 1°71 
Lendaur___... i 87-1 |Rourkec ed 2:05 
Niti --» | 11,460} 5-5'/Roorkce and Rudarpur, O12 


1 Rainfall of July, August aud September, 1849 ; th i i 
by Gencrlsictne a g pt : ; the observations at Niti taken 
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By grouping together the ratios for the places lying between the 
even thousands of feet, many of the irregularities that appear in 
Table XVIII. are cleared away and the results may be accepted with 
more confidence. The excessive rainfall of Bhogpur, for example, 
will to some extent counterbalance the defect at Dehra caused by the 
position of the latter station behind the ridge of the Siwaliks. The 
following figures are thus obtained :— 









RAINFALL RATIO. 
Height above plain. 


The ratios in the last column are calculated by means of a 
formula, R = 1 + 2°12 h — 0:47 h® + 0-025 A', given in: the 
official Report on. the Rainfall of the North-Western Provinces and 
Oudh, published in 1879, It was originally computed from some- 
what different data, but it represents the observed ratios in the above 
table as closely as can possibly be expected, considering the nature 
of the observations. At elevations greater than 9,585 feet above the 
plain this formula gives increasing values for the rainfall, and is 
therefore inapplicable ; but from 7,000 feet above the plain upwards 
the rainfall ratio may be approximately represented by a logarithmic 
formula, Jog R==2°151—0:287 A. In both formule A is to be 
expressed in thousands of feet. 


The mean rainfall along Rohilkhand and the Doab, at a distance 
of twenty miles from the hills, is about 43 inches, and the mean 
elevation of this line above sea-level is 800 feet. Applying the 
formule in the preceding paragraph to these data, we find that 


' The observations for the lowcr Mussooree station being for a very short period 
only, the figures for the stations immediately above and below it in Table XVULL 
have been included in striking the average. 
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the avernge rainfall on the southern slope of expdsed mountain 
ridges in Kumaon and Garhwél would probably be the follow- 
ing :— 

At 800 fect above the sea 43 inches. 


» 1,000 ,, " 60 , 
» 2,000 ,, " 12, 
” 3,000 ” ” 159 ” 
» 4,000, ” 164, 
yw 5,000 ” ” 149 ” 
” 6,000 ” ” 122 ” 
” 7,000 ” ” 88 ” 
” 8,000 ” ” 52 ” 
” 9,000 ”» 27 ” 
” 10,000 ” ” 14 ” 
” 11,000 ” ” 7 ” 
” 12,000 ” ’ 4 ” 


From the table it appears that the maximum rainfall occurs 
about 4,000 feet above the sea. The exact height of the maximum 
zone determined by the formula is 2,948 feet above the plain, or 
about 3,750 above sea-level. This agrees very closely with the mean 
altitude at which a rising column of air reaches its dew-point in the 
rainy season. 

By far the most important if not the only cause of rain in the 
Himilaya is the cooling of the air by expansion as it ascends the 
mountain slope. It has been already seen that in the rainy season, 
the direction of the wind at all elevations in the Himalaya up to 
15,000 or 16,000 feet, if not higher still, is from some southerly 
quarter. Near the foot of the hills the prevailing direction is south- 
easterly, but at most of the stations from the level of Dehra Dun 
upwards the wind blows from some point to the west of south ; that is, 
more or less nearly at right angles to the axis of the mountain zone. 
The air in rising to surmount the barrier has its heat rapidly converted 
into the work of expansion, and it commences to precipitate rain when 
the temperature falls to the dew-point. When once condensation 
begins, the rate of decrease of vapour with height will be a measure of 
the quantity condensed or the rainfall. This rate is greatest at the 
lowest elevations; and thus rain should be heaviest at places on the 
outer slope of the mountains where a rising stream of airs usually 
begins to precipitate moisture, as the observations prove to be 


the fact. 
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The slight rainfall of places like Almora and Srinagar, ta the 
leeward of a higher mountain mass is caused by the partial exhaus- 
tion of the vapour in crossing the mountains and by the dyna- 
mical heating of the air as it streams down towards the valley, 
both causes diminishing the tendency to condensation. The rapid 
decrease of rainfall on ascending beyond 6,000 or 7,000 feet is 
due simply to the exhaustion of the vapour, but at all elevations 
the influence of high ranges in cutting off the supply of vapour 
is easily seen. Regarding the rainfall of 1849 on the Tibetan 
table-land, General Strachey says:—“In the country beyond Niti 
no register was kept; but during a week of rainy weather in 
the middle of August 1-5 inches fell at Niti, while at Sanjar, 
beyond the watershed, where I was tl-on encamped, at 16,500 
feet, the rain never exceeded a very faint drizzle, and could 
hardly have been susceptible of measurement.” At the Leh 
observatory all through the summer the rainfall hardly ever exceeds 
a few drops, and the greatest fall in a month during several years 
was an inch and a half. Sir Joseph Hooker's experience in 
Sikkim supplies us with facts quite parallel to these. In August, 
1849, he says 26:8 inches fell at Darjiling, while in the interior, 
at the same elevation, but in the rear of the first masses of snowy 
mountains only 12°5 inches were measured. Between the 8th 
of September and the end of the month only 1:7 inches fell at 
Mome Samdong, about 15,500 feet above the sea, while at Darjiling 
10 inches fell, and other instances of a similar nature might be 
cited. 

The variation of rainfall with season is very distinctly marked in 
India. At all the stations in Tables XVI. and XVII., and at almost 
every station on the North Indian plain, the driest month of the 
year is November. In the great majority of years no precipitation 
whatever occurs in this month or in the first half of December, 
except perhaps on the higher mountains towards the north-west 
where the winter snows usually begin before the end of November. 
About Christmas a few showers of snow usually fall on the outer 
hills, and at the same time there is a slight precipitation of rain 
over the plains of the Panjab and the North-Western Provinces. 
These winter snows and rains increase in quantity and in frequency 


on the hills and in the north-west Panjab until February or March, 
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but on the plains of the North-Western Provinces and Behar the 
maximum occurs in January. 


The cause of the winter ruins and snows has already been pointed 
out in describing the annual changes of the winds. In October and 
about the beginning of November the air over Northern India is as 
near as it. ever attains toa condition of statical equilibrium. It is 
subject to the diurnal oscillations called the barometric tides and to the 
accompanying mountain winds, but there is little permanent move- 
ment of the air in any direction. During the cold weather, however, 
the neutral plane of pressure gradually sinks and the south-west 
upper currents of the atmosphere are then forced to ascend the slope 
of the mountains where they precipitate more or less of the vapour 
they contain. On the lower hills the temperature increases so 
rapidly in March and April that the tendency to precipitation, and 
consequently the rainfall. becomes less than in January and February, 
though the upper currents continue to blow from nearly the same 
direction as in winter. Along the southern declivity of the great 
snowy range, however, thunderstorms are of daily occurrence at this 
time of the year, and above the snow line considerable quantities of 
snow are frequently precipitated. In Lad&k the heaviest falls of 
snow observed by Captain H. Strachey in 1848-49 occurred in 
April ; but daring the three years, 1876-78, there was no precipita- 
tion at Leh in that month. 


April and May are the months in which hail is most frequently 
uoticed in the Himilaya. No regular registers ot this phenomenon 
have been kept, but nearly every year several hailstorms occur in 
the outer hills, and the stones are often of large size. On the 11th 
of May, 1855, a hailstorm occurred at Naini Tal in which many 
stones of 6, 8, 10 and even 24 ounces were observed to fall, the 
circumference of these varying from 9 to 18 inches. In 1878 there 
was a storm in which large hailstones tell, some of them so heavy that 
they punched holes through the zine roofs of the houses, while the 
quantity was so great that it lay in shady places, where covered with 
leaves, for nearly a month. 

About the middle of June usually, and sometimes before the 


end of May near the foot of the hills, the hot north-west winds of 
the plains give way to sea winds from the Bay of Bengal. The 
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whole of the lower atmosphere over India is then moving towards 
the Himflaya ; and the upward deflection of the air currents by 
the mountains causes frequent precipitations of rain in the manner 
already described. The rainy season almost always commences 
sooner on the mountains than on the plains, for saturation is reached 
first at high elevations and then propagated downwards by the 
cooling effect of the falling rain drops and the cutting off of the 
sun's heat by clouds. At most places in India, and in the inner 
parts of the Himalaya, July is the rainiest month, but on the outer 
slope of the mountains August is equally or sometimes even more 
rainy, especially towards the north-west of the chain. 


While the rainy season lasts, the parts of Ladak about Leh, 
and the Tibetan plateau generally, receive perhaps, on the whole, 
less precipitation than in winter, because the temperature is then so 
much higher than on theIndian side of the chain, this high temper- 
ature greatly decreasing the relative humidity of any air that may 
reach the plateau from the south. It is probable also that the high 
snowy peaks, lying above the limit of the monsoon current proper, 
receive less precipitation in summer than in winter. At the turn 
of the seasons, however, about the end of September, falls of snow 
amounting to several feet in thickness sometimes occur on the 
passes over the Indian watershed. 

Shortly after the autumnal equinox, about the end of September 
or beginning of October, the rains cease all over Northern India. 
The sudden cessation of the rainy season seems to be in some 
measure determined by the rapid diminution of solar heat, as the 
sun retreats to the south of the equator. It is possibly to this 
that we must attribute the somewhat remarkable regularity of 
the recurrence of two or three days’ incessant rain frequently 
experienced in Kumaon about the 20th of September. On the plains, 
also, it is well known to the natives of the country that if rain 
falls in the nakshatra (lunar mansion) of Hathiya—that is, in the 
last week of September or first week of October, it is likely to be 
heavy. Excessively heavy rain, like that of the 17th and 18th 
September, 1880, when 30 inches fell in little more than two days 
at Naini Tal and produced a disastrous landslip, cannot, however 
be thus produced by a simple loss of heat, but requires a powerful 
indraught of moist air to keep up the supply of vapour. The 

33 
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heavy rain observed on the plains at “ the break-up of the 
monsoon,” and probably also that which falls at the same time on 
the outer hills of Kumaon, must be due chiefly to the minor storms 
of a cyclonic character that are frequently formed near the head 
of the Bay of Bengal at the turn of the season, and pass inland in a 
north-westerly direction. 


CHAPTER VI. 
Economic MINERALOGY. 


CONTENTS. 


Mining history. Experiments in Garhwé). The Kumaon Iron Works Company. 
Causes of present poor returns. Mode of mining: excavation: removiag the ore: 
crushing the ore: cleaning the ore: drainage. Smelting operations: refining the 
ore. Division of profits. Improvement needed in appliances: Chili furnace : 
English system. Outturn. Financial resultsof the settlement of the revenue derived 
from minerals. Gold: Tibetan gold-fields: Thok Jalung mines. Silver. Copper 
mines: Rai mine and its ores: Sira mines: Gaul and Sor Gurang. Bournonite. 
Copper mines of Garhwiél: Dhanpur: Dhobii: Pokhbri: Chaumattiya mines : Raja's 
mine; Nota mine: Thailamine: Danda mine: T4lapungla mine: Kharna mine : 
Agar Sera mine. Iron mines: Kumaoniron mines: Giwér mines: Garhwé! mines: 
Négpur: Dasauli:-Iriyakot. Lead. Arsenic. Lignite. Graphite. Sulphur. 
Borax. Gypeum. Soap-stone. Asbestos. Silajit. Limestone. Building stone. 
Roofing slate. Alam. 


Tue mineral resources of the Kumaon division early obtained 
the attention which their traditional value 
assumed to be due to them, and it was one 
of the directions to the first Commissioner to procure specimens of 
the ores to be found in Kumaon and transmit them to the mint for 
assay. Specimens of copper ore from the mines in Sfra and Gangoli 
were accordingly forwarded to Calcutta in 1815, but the report was 
not favourable ; for, if the specimens sent were fair samples of the 
ores in general, it was doubted whether the mines could be worked 
to advantage.! The Government were, however, not satisfied with 
this report, and in 1817 deputed Mr. A. Laidlaw as mineralogical 
surveyor to accompany Lieutenant Webb’s party through Kumaon. 
His orders? were to consider the examination of the mineral resour- 
ces of the country his primary duty, though at the same time he 


1 To Government, dated 26th June, 1815: from Government, dated 13th Jan- 
vary, 1816. For further information on the mineral resources of Kumaon see 
Moorcroft’s Travels, I., 7; As. Res. XVIII., 236; Rec Geol. Sur., 1871, 19: II., 86: 
(Lawder) III , 48; J. A. S, Ben., VI., 653 ; Glean. in Sc., I., 230. 

Graphite, Glean. in Sc., III., 280; J. A. S., Ben., XXIV., 203; N.-W. P. Rec., 
III, N. S., 371; G. India Rec., XVII., 58. 

Iron ores and works, N.-W P. Rec., XVIII., 1; Rec. G. India, Sup., VIII., 
37: XVIJ.,1: XXVI.: Bhaébar iron works, Agra, 1856. 

Copper ores and worke, J. A. 8., Ben., VII., 934 (Drummond@): VIII., 471 
(Glasfurd : XII., 453, 768 (Lushington): XIV., 471 (Reckendorf); As. Res., 
XVIIL., 939 ; N.-W. P. Rec., UL, N. 8., 22; Glean, in Sc., I., 228. 

Tignite, As, Bes., XVI., 387. 397. ; : : 

2 From Government, dated 1ith July, 1317. Mr. Laidlaw died at Pithora- 
gerh in 1836, and 1 have rot been able to procure any of his original reports 
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should not feel himself debarred from bestowing attention on any 
other matters deserving of scientific research, eo far as such investi- 
gation did not interfere with his more immediate duties. These 
instructions farther go on to say:—‘‘You should ascertain the 
existence or otherwise of mineral productions applicable to purposes 
of public use, or available as a source of revenue; and report on the 
practicability of bringing them to account. The existence of iron 
and copper ores in considerable quantity has already been ascertained ; 
but as the working of these metals might injuriously affect important 
articles of British import, it is not designed that your attention 
should be occupied in detailing any practical arrangements for that 
purpose; you will not, however, consider yourself debarred from 
prosecuting enquiries into any circumstances regarding them which 
may be of sufficient interest to science to merit particular notice. 
In every part, indeed, of your researches it is the wish of Govern- 
ment that, in the first instance at least, you should contemplate 
rather the general capabilitics of the country which you are to visit 
than the special means necessary for bringing them into action in 
any particular district ; though, of course, the facility or difficulty 
with which metallic ores or other useful minerals could be raised 
and brought to market must be a leading point in your observations 
on them. The minuter details of machinery, mode of working, &c., 
are what it is meant to postpone, as these will be the subject of 
future determination, when the whole result of your survey shall be 
before Government.” 

In 1826 Captain J. D. Herbert submitted his report on the 
mineralogical survey of the province. This wes followed by a 
report? in 1838 by Captain H. Drummond, of the 3rd Light 
Cavalry, on the copper mines at R&i in Gangoli and at Sira in 
Bérabisi. Captain Drummond had brought with him from England 
an experienced Cornish miner, Mr. Wilkin, to examine the mines 
already worked, and proposed that, with a view of ascertaining their 
actual value, a certain sum should be advanced by “ Government for 
an experimental opening of such mines as might appear best suited 
to the object in view.” This proposal was accepted’ by Government, 
and a sum of Rs. 2,415 (subsequently increased by Rs. 1,000) was 


1To Commissioner, dated 10th Jannary, 1826. *J.A.8., Ben., VII, 
934 ; and Stat. Kum,, p. 358. * To Commissioner, dated 26th Novembcr, 1838. 
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allotted to carry out the designs furnished by Captain Drammona. 
A report! on the experiments then undertaken was rendered by Mr. 
G. T. Lushington, Commissioner of Kumaon, in 1842. 

The place selected for the important purpose of determining the 
advantages or otherwise of working the 
mines under European superintendence was 
the Pokhri copper mine in pargana Nagpur in Garhwal. The works 
were carried on from 1838 to 1841 with a net loss to Government 
of Rs. 7,884. The Commissioner considered this complete failure 
to be due to the poorness and scarcity of the ores found, and not in 
the least to any want of skill or industry on the part of Mr. Wilkin, 
or any injudicious selection of the places for experiment. Mr. 
Reckendorf, a mining engineer, visited these mines again in 1845, 
and in commenting on the deductions to be drawn fron Mr. Wilkin’s 
experiment, gave it as his opinion that the operations then under- 
taken should not be considered as conclusive against the value of the 
mines.?. The experiment should have been confined to driving a 
shaft some thirty or forty fathoms below the old mines, and not to 
collecting ores which might have been a good additivn in smelting 
other ores, but the smelting of which alone could never be 
profitable. 

Again, there were no proper appliances for smelting, the loss 
from which by the native method adopted was very great, and the 
ores used, from their nearness to the surface, had already lost much 
of their value by the slow metamorphosis of pyrites into sulphate of 
copper. On the whole, Mr. Reckendorf’s opinion was favourable 
to more extended and expensive operations in the hands of a private 
company. Nothing of importance, however, resulted from this the 
first attempt to obtain some accurate information regarding the 
mineral resources of the Himalaya. Captain Drummond also com- 
bated® the conclusions arrived at by Mr. Lushimgton as to the mines 
not affording a fair field for investment of capital, and in support of 
his views quoted the testimony of Captain Glasfurd ( Executive En- 
gineer ), Captain J. D. Herbert ( Superintendent of the Mineralogical 
Survey ), and the experts Wilkin and Reckendorf, who had actually 


visited and partially worked the mines. He urged that the sams 


1J. A. 8. Ben., XII., 454, and Stat. Kum., p. 367. 1J.A.8., Ben, XTV., 
471; and Stat. Kum., p. 885. * Ine pamphlet published in London in 1848, 


and Stat. Kuam,, p. 393, 
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hitherto expended were barcly sufficient to pay for the expenses of dis- 
covering and laying open the lode, and were utterly insufficient to 
carry on the experiiue: t in the only way in which it could be made to 
pay. Nothing was undertaken until 1852, when the mines were 
again opened on the same footing, but the result was failure as 
complete as before. No attempt has since been made towards 
placing the copper mines of Garhwél under European superintend- 
ence. In 1872, however, a European leased the mines and con- 
tinued the extraction of the ore according to the native method, 
but was obliged to abandon the process, us he found the cost of the 
metal when manufactured more nearly approached the current rate 
for silver than that obtainable in the market for the best foreign 
copper. The copper mines in Kumaon have never been worked 
under European superintendence, and any remarks that I have to 
make on their value or fiscal history will be found under the notice 
of the mines themselves. 


Connected with the history of mining enterprise in Kumaon 
Kumaon Iron Works §8pecial prominence must be given to the 
Lom pene. Kumaon Iron Works Company still in exist- 
ence, and whose origin is no doubt due to the continued belief, 
in spité of successive failures, in the possibility of turning the 
utilisation of the mineral resources of the province into a profitable 
investment. These had again in the regular cycle of inquiries 
become the subject of much speculation. From a review of the 
information before Government and the results of certain experi- 
ments made in 1856 the Directors of the East India Company 
sent out a Mr. Sowerby and a large staff of mining assistants in 
1857 to carry on the smelting of iron on account of Government in 
the interior." The fact was soon established that iron of an 
excellent quality could be manufactured at rates below the cost of 
iron imported from England, and a number of private individuals 
under the style of Davies and Co. were permitted to undertake oper- 
ations for the same purpose in other parts of the lower hills. 


1 Report on the Government iron works in Kumaon, with plans, specifications, 
and estimates for establishing iron works in Kumagn, and remarks on the iron 
deposits of the Himélayas by W. Sowerby. C.E., printed as No. XXVI. of the Sel. 
Rec., Government of India (Public Works Department), Calcutta, 1859. These 
papers give a review of the English, Ulverstone, Continental, Belgian and French, 
Rhineland, Black Forest, Bohemian and Styrian Iron Works, and estimates and plans 
for adapting the approved processes of thos iron countries to the Kumaon mines. 
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The avowed object of the Government enterprise was to 
induce private companies to work by demonstrating the financial 
and physical possibility of carrying on iron works as a remunerative 
industry in this province. Messrs. Davies proposed to take over 
the tract between the Dhabka and the Bhakra, and their proposals 
were accepted, with an assurance that they might proceed: in 
confidence to make their arrangements, as Government would 
grant the lease sought. They therefore took over the Khdérpa Tél 
works in the rains of 1858, and paid their cost price in 1863. 
This company also erected buildings at Kaéladhungi at a cost of 
Rs. 1,25,000. On the failure of the Government works at Den- 
chauri Colonel Drummond offered to take them over at a valuation. 
‘(hese works were given over to Drummond and Co., who paid the 
capital under agreement into the treasury in 1861. The forest 
rules were relaxed in favour of both companies, so as to allow them 
entire control over the fuel supplies, and eventually in November, 
1862, both companies were amalgamated under the title of the 
North of India Kumaon Iron Works Company (Limited). Soon 
after the formation of the company instructions were received fram 
the Secretary of State to construct a tramway to Khurja on the 
East Indian Railway, chiefly, it would appear, to afford an outlet for 
the iron manufactures of Kumaon. The’ tramway was to be laid 
with cast-iron rails manufactured at Dehchauri, and the company 
lost no time in making several thousand maunds of pig iron. 
Before the rails were made, however, the Government announced 
its determination not to undertake this line itself, but to hand its 
eonstruction over to the Oudh and Rohilkhand Railway. It was 
essential to the success of the enterprize that some such outlet 
should exist, and the company accordingly determined to close its 
works for a time and await the opening of the line. 


A license was granted by Government, but, unfortunately for 
the company, not executed till it was too late, and the deed of 
agreement contained briefly the following clauses :—1.—That a 
capital of 3} lakhs of rupees should be paid before execution of the 
deed. 2.—That the company should pay Re. 83,585 as the liquidated 
value of the works at Dehchauri, Ramgarh, and Khurpa Tél, made over 
to them by Government, in four instalments, on or before the Ist Sep- 
tember, 1862, 1868 1°G4,and 1865, respectively ; and in default of one 
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payment the whole to become immediately due. 3.—To pay yearly, 
for the first three years from 6th June, 1861, a rent of Rs. 1,500, 
aud thereafter a yearly rent of Rs. 2,500 and a royalty of one 
rapee per ton of east or wrought iron produced, and eight annas 
per ton of iron ore raised and sold without being smelted ; the said 
royalties uot to be paid unless they exceed, and only so far as they 
exceed, the rents of Rs. 1,500 and Rs. 2,500 before named ; 
payments to be made on the Ist May yearly. 4.—To erect during 
the third, fourth, and fifth years suitable furnaces with requisite 
appliances for the smelting or blasting of iron (no number men- 
tioned), and during these third, fourth, and fifth years to manufac- 
ture at least 750 tons of iron per annum on an average, and 
thereafter till the end of the term of 50 years manufacture 2,500 
tons of iron per annum on an average of three years, to be struck 
in May each year. 5.—That the area of the forest at the close of 
every ten years should be covered with at least nine-tenths of such 
timber like trees as stood upon it at the commencement of the 
term, and when less than nine-tenths the company should plant to 
the necessary extent, failimg which they should pay for each default 
Rs. 20,000. 6.—Not to transfer their lease without the consent of 
Government. 7.—To keep all roads (not being public ways made 
by Government) used by them in repair, also their works. 8.—At 
the close of their term remove their buildings, &c., first giving 
Government the option of purchasing them at a fair valuation. 
9.—On the failure to pay or manufacture as stipulated, Government 
to enter upon and possessthe works. 10.—But if such failure is 
not due to the neglect of the company, they shall be free from such 
penalty. 

The purchase-money of the Khiurpa Tél works was alone paid 
up, but the forfeiture clause was suspended by the local Govern- 
ment in 1868. The forest tract was never given over to the company 
in the meaning of the agreement, but its revenue has been sepa- 
rately collected and credited by Government. The license was not 
sent up from Calcutta till June, 1864, by which time the company 
had begun to see that the speculation would not turn out a profitable 
one. In fact the license deed was not prepared for signature until 
after the company had suspended operations, and then it was ruled 
by the Solicitor to Government that it c-.::)t not to be signed. The 
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map of the tract to be given over to the company was not completed 
till 1869. So much for the relations of the company to Govern- 
ment, and the delay in dealing with its affairs which has been 
shown throughout. In June, 1861, permission was obtained for 
the company’s manager to draw against their capital. This was 
expended with little result, and in 1864, as above mentioned, the 
company was wound up. This result was ina great measure, no doubt, 
due to the company being unable to raise capital in the market, 
owing to the defect, or rather the want, of title, which appears to be 
ascribable to no fault of their own. Since 1865 correspondence 
has been carried on in reference to the affairs of the company and 
plans have been proposed for its resuscitation. In 1872 the works 
were visited by Mr. Jones of the Roorkee Workshops and valued ; 
he made them then worth Rs. 1,26,783, with a debt to Government 
of about Rs. 80,000. There can be no doubt that the works can 
hardly be said to have had a fair trial, and the valuable opinion of 
the Commissioner of Kumaon may be quoted to the effect that 
there is every reason to believe that, if carefully supervised and fed 
with capital, the works should at least turn out as favourable under 
any circumstances as the East Indian Railway. There is no doubt 
that, in the distance, the fuel difficulty exists, but at Dehchauri and 
K4ladhuingi for many years this can scarcely be felt, and under 
penalties to replant, the company may fairly be allowed to have an 
unlimited supply from the neighbouring forest. At Ramgarh it is 
doubtful whether iron manufacture will pay, as the ore, though of 
the finest quality, lies at a considerable distance from any forests 
of any considerable magnitude, so that until it has been definitively 
settled whether coal does or does not exist in Kumaon the eventual 
absolute success of these Kumaon mines must remain problematical.! 
The increase of railways in Northern India and the development of 
the resources of this province must sooner or later press these diffi- 
culties into notice, and they will then obtain a final solution. “ ‘Too 
much has been written and too little done” hitherto in this direction. 


In reviewing tho canses of the poor returns from the diff:rert 
Canses of present -poor Mines, one that presses itself into noti e on 
the most cursory inquiry is the compa.?" ° 


1 For the materials for this note I am indebted to the office of the © «0- 
mhiesioner of Kumaon and a note drawn up by Sir Henry Rameay, than ou 
the Company and Kumaon has no more warm well-wisber. 
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inaccessibility of the principal mines. The copper mines of Sira and 
Gangoli, equally with Pokhri and Dhanpur, are situated on high 
cliffs in the intericr. The talcose and calcareous formations in 
which the ores are found occupy the high precipitous mountains 
which build up the outlying spurs of the principal range, and some 
lie within it. This chain itself is metalliferous, as the lead mines at 
Ghirti between Milam and Niti, the copper indications at Tola and 
elsewhere in the Juhér country, and the copper and iron mines at 
Polar near Rudrnath combine te show. The absence of coal and the 
increasing cost of wood fuel, with the distance it has to be carried 
when the forests near the mines have been exhausted, materially 
enhanees the cost of production, while the difficulties of carriage in 
the tracts where the mines lie are often such as almost to preclude 
the transport of ore for smelting, and the forests in the neighbour- 
hood of most mines only suffice for the most moderate requirements. 
Another difficulty is the want of labourers. The present work- 
men only come to work in the mines from the latter end of 
October to the beginning of April, and many of the less pro- 
ductive mines have been abandoned owing to the miner class 
turning to agriculture and to supplying the labour market at 
Ranikhet and Naini Tél. This want, however, could be supplied 
from Nep4l were regular wages and constant employment once 
established. Sea-borne copper, though inferior to native copper, is 
from ita cheapness preferred, and until capital is invested in opening up 
the larger mines and conducting the whole operations on a sufficiently 
large scale to warrant the permanent investment of capital in 
machinery and proper furnaces, and other appliances for the more 
economical working of the ore, mining enterprise must remain as it 
is—a practical failure in this province. It may be said that these 
extended experiments have already been tried in the case of the 
Kumaon iron works, but this remark will scarcely apply, as that is 
another of those unsatisfactory operations which stopped just at the 
point where farther progress would have decided the question for or 
against the possibility of making mining speculation a remunerative 
one in Kumaon. I shall now briefly describe the mode of working 
and the financial results of the settlements of the revenue from 
mines from the official reports and papers before describizg each 


mine. 
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The mode of working the mines is the same in Garhwal and 
Kumaon, and the suggeationa for its improve- 
ment will serve for all classes ef minerals. A 
gallery or passage is cut in the face of the hill with such slight 
declivity outwards as is sufficient to carry off the water. These 
adits have more of the nature of burrows than that of the shafts known 
in European mining. The section is always small, and in those parts 
where the hardness of the rock occasions any difficulty in working the 
passage is scarcely sufficient to admit of a person in a creeping posture. 


Mode of mining. 


In no place will it allow of an erect position. Where necessary, 
frames of timber formed of unsawn branches of trees, rudely and 
even carelessly constructed, are set up to support the roof and sides. 
Accidents are therefore not uncommon, and the frequently falling 
in of the mines is one result of these imperfect protections.' 


The ore as well as the rock is excavated by a very different 
kind of pickaxe, the handle being made of 
a piece of wood with a knob at one end, into 
which a piece of hard iron is thrust and sharpened at the point. 
This with a miserable iron hammer, wedge, and crowbdr, constitutes 
all the apparatus that the native miner has to depend upon. It is 
plain that with such tools no hard rocks can be penetrated nor can 
the softer ones be worked with much facility, and to this fact may 
be attributed the universal smallness of the passages throughout the 
mines, as the native miner can have his passage no larger than the 
rock which encloses the ore and its matrix will admit of. Proper 
pickaxes and steel gads (wedges) should therefore be substituted 
instead of the inefficient tools in use, and when blasting may be 
required the necessary materials should be provided. The miners 
work during the day, using torches made of dry pine, and clear 
out on an average from ten to twelve maunds of ore. 


Mode of excavation. 


The ore is removed from the mine by boys, who pick up the 
stuff with their hands and put it into skins, 
which they drag along the floor by means of a 
rope and cross handle attached to their neck to the entrance of the 
mine. In most mines the greater part of thie work must be done in 
a creeping posture, the string from the skin being fastened around 
the waist of the dragger. In place of this method wheel-barrows 
* Paras, 19, 20, Captain Herbert’s report, already quoted. 


Removing the ore, 
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or sledges on four wheels and shovels should be used when the 
passages are enlarged and properly supported with sawn timber. 


The ore or dhin being delivered at the mouth of the mine is 
reduced to a small size either by the water- 
mill or by the manual labour of women. A 
large stone is placed on the ground on which they lay the ores ; they 
then, either with a stone or a large hammer, and more frequently 
the former, proceed to pulverize the ore and pick out the im- 
purities. In this way a woman may manage one to two maunds 
(82tb avd.) a day, according to the hardness of the ores. In Corn- 
wall a woman will pulverize from 10 to 15 ewt. per day, according, 
as in the former case, to the nature of the ores. The method 
in practice there is, first, to dispense with the picking ; secondly, 
to have the ores elevated, so as to enable the individual to stand 
while working, and to have a plate of iron about a foot square and 
two inches thick on which the ores are broken with a broad flat 
hammer. The impurities are then finally separated by a peculiar 
mode of dressing the ores with a sieve, by which a boy gets through 
with from one and a half to two tons per day. The ores are 
conveyed to the women, and from them to the boys by a man who 
attends for that purpose. 

The washing of the ore in Kumaon also is performed by women, 
who carry the stuff in baskets from the 
entrance of the mine to a stream, where they 
contrive by dabbling it with their hands to wash off the mud and 
finer particles of the earth. They then proceed to pick out all 
the pieces of ore they can get hold of; or, in the case of what 
may be submitted to the water in a commuted state, they work 
this against the stream, so as to gather it clean at the head of a 
small pit by handfuls ; but, from the bad construction of the pita, 
it is with difficulty that this is performed. After picking up any 
larger pieces of ore which may have gone back with the stream, 
they scoop out the refuse with their hands, and then proceed with 
another charge. In Cornwall, one woman provided with a wheel- 
barrow and shovel for the conveying: and washing of the ores, and 
a boy with a sieve for dressing them, as formerly mentioned, would 


accomplish a task equal to that of ten women on the system 
described. 


Crashing the ore. 


Cleaning the ore. 
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The drainage of the mine is managed in a proper manner by 
an adit. But whenever any attempt is 
made to go below it, as is the case in most 
if not all of the mines, the water is then raised in. wooden buckets, 
handed from one man to another until they reach the adit into 
which they are emptied. In this manner six, ten, or even more 
men may be employed, whilst only an inferior number can be spared 
for excavating the ores. At the Sira mine, for instance, six men 
were found constantly engaged in lifting up the water, and there 
were only two at the ores : the work done by these six men could 
be effected with a hand-pump by one 1.an; but in order to keep 
the pump constantly going, two men might be required, and the 
remaining four added to the number of those who are excavating. 


Drainage. 


The furnace of the Dhanauriya or smelter is very simple, and is 
made of common stone and clay faced with 
slabs of quartzose schist, luted with a com- 
post of chaff and clay. It is about 3}’ long by 23’ broad, with an 
ash-pit about six inches square, all of which are built inside a house 
about 12’ by 14’, of which the roof is composed of planks. (Figs. 
A. B.) The operation of smelting takes about 28} hours, during 


Smelting the ore. 
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which time the fire is kept up, and after that the facing slabs and 
luting require renewal. The implements used are a crowbar, poker, 
shovel, and a pair of buffalo hides, dressed whole, to form the 
bellows, the neck of which forms the nozzle, and the buttock the 
valve for the ingress of air. The hides for making them are 
worth Rs. 12 apiece.’ The furnace being freshly luted, the ash-pit 
is filled with charcoal dust and chaff, and a fire being lit, six 
baskets of iron ore, each containing about thirty sers (the ser = 2Ib. 
2oz. avd.), are placed round the fire. The blast is then commenced, 
one bellows being inflated while the other is undergoing depletion. 
In about half an hour the slag commences to flow from the floss- 
hole, which ts kept open by a poker. In about two hours more, 
the ore having subsided considerably, two more baskets of ore and 
a corresponding supply of charcoal is given with a new luting 
for the bellows nozzle. In another two hours, this having also 
subsided, the charge is deemed ready. The fire is then raked 
out through the flosshole, and the charge, consisting of a pasty 
mass called phalka or jhauj, is shoved out with a crowbar by the 
emelter. The same operation is repeated until seven blooms 
are obtained, consuming thirty-eight baskets of ore, thirty-one 
of which are converted inte the seven blooms, and the remainder, 
comprising the partially roasted ore, become the property of the 
smelter. The charcoal consumed weighs 340 sers, or a little more 
than the seven blooms, which weigh 327 sers, or about one-third 
of the ore expended (930 sers). Each bloom consists of three 
qualities of metal, all intermixed with earthy particles. These are 
kept separate, and are broken into small pieces before being sent 
to the khatauniya or refiner. 


The furnace of the refiner is smaller than that of the smelter, 
and the implements required are a pincers, 
poker, two or three sledge-hammers, an 
anvil, and bellows. The fire being lit, a mixture of one-sixth of 
first quality, one-sixth of second quality, and the remaining two- 
thirds of third quality, in all about six sers of bloom metal, is 
placed on the hearth opposite the bellows, with the larger pieces 
nearest the fire. The blast having commenced, in a quarter of an 
hour the slag begins to flow, and in another quarter of an hour the 
1 Beckett, III., Sel. Rec., N. W.P., 25. 


Refining the ore. 
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metal (now a porous, pasty mass) is taken out of the fire and 
subjected to the blows of two or more sledge-hammers ; the blows 
being slight at first, to prevent the metal flying into pieces, but 
as it becomes more solid, they are given with the full force of 
the workmen. Meanwhile a fresh supply of bloom-metal is placed 
on the hearth, as at first. The hammered mass, after several 
hammerings, assumes the shape of a small bar, weighing one and 
a quarter ser ; itis thick in the middle and tapering to either 
extremity, and six sers of charcoal have been used in its formation. 
This bar is now fit for the market, and is called by the workmen 
phala, but by the plains-people pain. The charcoal used by the 
refiner is made from the dry trunks of fir trees which have been 
felled for two or more years, while that made use of by the smelter 
is made from small green wood. The refiner class is subdivided 
into another, called Bhadeliya, who, instead of making the iron iuto 
bars, manufacture it at once into cooking utensils. Nine hundred 
and thirty sers of ore produce 327 sers of bloom-metal, which in its 
turn produce 82 sers of marketable bar-iron, or only 8-8 per cent. 
The bloom operation consumes 340 sers of charcoal and the refining 
process 667 sers, so that for every ser of iron produced 8-2 sers of 
charcoal are consumed. The Swedish furnace only consumes 1°33 
times the weight of the iron produced. 


The mines are leased for a term of years to contractors for a 
certain sum, and the lessee collects for the 
season from the different classes of workmen 
at the following rates: from each son or miner Rs. 24; from each 
gang of smelters Rs. 44; from refiners of the Khatauniya class 
Rs. 44, and from those of the Bhadeliya class Rs. 6. The miner is 
originally sole proprietor of the ore, which he takes to the smelter 
to reduce into blooms, giving him for his trouble one basket of ore 
(30 sers) and one basket of charcoal (5 sers) for each bloom turned 
out; also for each set of seven blooms 16 sers of grain, and food for 
one man for four days ; and at the end of the season a suit of clothes. 
Sometimes, however, owing to the smelter being largely in debt to 
the miner, he does not receive any charcoal from him. The smelter 
can only work for certain miners, generally five in number, not 


Division of profits, 


being allowed to work for any other miners; or, in other words, 
each party of five miners employ one family of smelters exclusively. 
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Each party of smelters must consist of at least five persons, but 
they generally count eight to ten persons. The share of each party 
of refiners is one half of the bloom-metal made over to them to 
refine, no further remuneration being allowed them. Refiners, 
unlike the smelters, are not bound to work for any particular 
person, but may work for any one that chooses to patronize them. 


In the roasting and smelting of the ore Captain Herbert 
Improvement needed in Tecommends a system of reverberatory fur- 
appliances. naces for these two different processes. An 
excellent material is at hand in the indurated talc known as potstone, 
which, though soft, is infusible. The simple blast furnace in use in 
Chili would also be an improvement. It is of a circular shape, 
similar to a lime-kiln, covered with a dome to confine and concen- 
trate the heat. The ore is arranged in it in 
alternate layers with the fuel, which is wood, 
and being lighted it continues burning for a considerable time. 
When required, the heat is urged by a double pair of bellows 
worked by a crank turned by a water-mill. 


Chili furnace. 


The methods of reduction practised in England, where the 
subject is best understood, vary with thy ore, 
and even with the establishment: But the 
differences are trifling and only affect the minor details. The two 
great objects to be effected are, first, by a proper calcining heat to 
drive off the volatile ingredients sulphur and arsenic, and to oxidate 
the iron, thereby promoting the fusibility of the ore and consequent 
separation of the metal from the scoria when in fusion; and, 
secondly, by an intense and properly continued fusing heat to effect 
the vitrification of all the impurities which thus form a slag at the 
top and are skimmed off while the metal sinks down in a compara- 
tively pure state. To promote this vitrification of the ingredients 
occasional additions are made to the ore as the case may seem to 
require, though in general the run of the ores is such as to require 
little beyond a few slags of an old smelting. The operations of roasting 
and smelting are repeated several times, each smelting being followed 
by a roasting, to expedite which effect in the case of copper the ore is, 
after each smelting but the last, let into water to be granulated. This 
separation of the metal into such small parts assists the calcining 
power of the furnace, and the work is more speedily effected than if 


English system. 
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performed on the mass. After the last smelting comes the process 
of refining or poling, which consists in keeping the copper in a 
melted state covered with charcoal, and introducing from time to 
time a wooden pole into the melted mass to produce the evolution 
of gaseous matters. Lead is sometimes used both in Hungary and 
England to expedite the previous operations of the refinery. The 
oxides of this metal are amongst the most powerful vitrifiers known. 
As such they are effectual in the assay and refinery of the precious 
metals, and as such they may be also used with copper. But the 
process requires attention, for if not stopped in time, or if too much 


lead be added, the copper itself will be oxidated and vitrified. 


The process of manufacturing iron from the ores is different 
trom that of copper, inasmuch as none but the oxides or carbonated 
oxides of the former metal are ever employed. In the copper ores, 
that is in those which occur in any quantity, the metal is combined 
with sulphur, which can only be driven off by repeated roastings. 
In the iron ores the metal is united to oxygen and mixed with 
various earthy impurities. In reducing these ores, then, there are 
three distinct points to be attended to: first, the provision of 9 
substance which shall effectually take the oxygen from the ore, 
leaving the metal mixed only with its earthy constituents; second, 
the proportioning the flux used to those earthy ingredients so as to 
insure a complete vitrification of them and separation from the 
metallic particles ; and third, a sufficient heat to fuse the latter, that 
the separation and reduction may be more complete. The first 
point is attained by using a sufficient quantity of charcoal in the 
reduction of the ores; the second by adding, as the ore may require 
it, limestone or other flux ; and the third point is only to be effected 
by using a powerful blast furnace. 

It is not easy to give the outturn from the mines, the arrange- 
ments are so intricate and the returns s0 
imperfect. In 1868 about 29 maunds of 
copper were raised from the Kumaon mines, and in 1869 the same 
mines yielded the same amount, of which 21 maunds were exported. 
The Dhanpur mines in Garhwal yielded 10 maunds of copper in 
1869, but every year since the produce has decreased. In 1868 the 
Kumaon iron mines yielded about 2,000 maunds of metal, and the 
Garhwal mines about 1,752 maunds, while the returns of 1869 give 

Bh 
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5,153 maunds for Kumaon aud 529 maunds for Garhwél. Besides 
this an immense quantity of copper is imported into Kumaon in the 
shape of manufactured vessels for culinary purposes: about 2,000 
maunds of iron also are imported from the plains against 155 
maunds exported. No reliance can be placed upon the estimates of 
outturn in recent.years, as the mines have been leased for a term of 
years, and the lessees are not inclined to have their affairs too closely 
examined. 
Previous to the Gorkhéli conquest of GarhwAl the copper mines 
-i-sabatiacsicks of Nagpur are said to have yielded Rs. 5,000 
settlement ef the reveaue Gk. a year, or about Rs. 3,800 of our 
Aerie Symi ete: money. The entire mineral revenue of 
Kumaon and GarhwaAl, including mint dues’ on the coinage of copper 
pice, had fallen in 1812 to Rs. 4,800 Gk., equivalent to Rs. 3,600 
British currency.! This was mainly due to the neglect of the 
Gorkh&li Government, under which the mines had fallen in and 
become choked with rubbish. Their suspicious policy prevented 
them from trusting their own officers, whilst their want of probity 
precluded arly private person from venturing to sink the capital 
necessary to re-open the mines. In 1815 the N&gpur mines were 
leased for Rs. 10, andin the following year for Rs. 15, and with the 
villages attached to them seldom brought in more than Rs. 1,850 a 
year, whilst those in Kumaon were leased at Rs. 850 a year. Up 
to the year 1826 the revenue of the Kumaon mines was included 
in the assessment of pargana R&mgarh, and that of the Garhwal 
mines in pargana Dhanpur, and subsequently was accounted for in 
the returns of the pargane within which they are actually situated. 
Between the years 1815 and 1840 the revenue derived from mines 
averaged as follows :— 








Kumaon. Garhwil. Total. 

Ra, Ra. Bs, 

Copper ss. eo 801 2,086 2,887 
Iron oon woe 1,905 226 2,131 
2,706 2,312 5,018 











The highest mineral revenue of the province for any one year 
amounted to Rs. 5,417. This return was not altogether due to the 
1 These mint dues were collected for a few years uadér British rale at the 


mines of Dhanpur and Gangoli, and at one-half per cent. yielded @ revenue of 
Rs. 300 a year. To Board, dated 6th August, 1821. 
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sinelting of ore, and included the land revenue of villages attached 
to the mines for the location and support of labourers. Mr. Beckett 
in his report! on the settlement of Garhwél gives the revenue of each 
mine from 1839-40 to 1863-64. Ihe revenue every fifth year from 
each class of mine during this period was as follows :— 


















Total 
, -50. |1854-55. : revenue from 
1844-45. 1849-50. | 1854-55. 1859-60. |1863-64. 1888-89 to 
1868-64. 

Iron . 727 779 480 272 134 8,764 
Copper ... 2,138 1,305 81 627 21,804 
Le ses 3 3 cos 10 64 

Total ... 1,738 353 
Number 

of mines 

worked, 25 17 


In 1865 there were 24 iron, 9 copper, and 2 lead mines worked 
in Garhwal, and 33 iron, 35 copper, and 3 lead mines had been 
abandoned. The lead mines have since been abandoned, and the 
revenue from copper and iron mines in 1878-79 was as follows :— 


Copper. Tron. Total. 
Rs. a. p. Ra ap. Re. a p. 
18/8 awe eo. 86 8 0 13612 0 223 4 0 
1879. - 89 00 153 8 90 242 8 O 


There are no statistics of outturn for these years. 


In his Kumaon settlement report Mr. Beckett gives the revenue 
of each mine from the year 1844-45 to the year 1872-73. The 
revenue every fifth year from each class of mine during this period 


was as follows :-— 











Total . 
Class of - revenue from 
mine: 1848-49. |1858-54. |1858-59. {1863-64. |1868-69. |1872-73. 1848-49 to 
1872-73. 
Copper .. 100 67 80 2,831 
Iron we | 2,274 1,751 929 1,420 46,126 
1,450 48,957 


Total 2,874 1,799 996 
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The following quotation from the Commissioner’s report in 1874 
gives the opinion of those best acquainted with the subject on tho 
future of the mining industry in Kumaon:—“Iron and copper 
abound, but at the present value of labour the mines are worth very 
little. The sons or miners have, as a rule, given up their old trade 
and taken to contracts. The great attraction to miners in former 
times was the cheapness of grain in the Khetsari valley, where iron 
was most extensively manufactured. This advantage no longer 
exists, for the market at Ranikhet has dcubled the price of grain, 
and the miners would be no longer content to exchange their labour 
for the small profits on iron. Copper mines are in no greater 
favour. Formerly some villages where the miners reside were 
included in the mining leases of Kumaon and Garhwal. These 
villages have been settled with the miners, therefore they are no 
longer servants of the contractor. Tea gardens and other labour 
markets offer much better terms than a contractor, who, at the least 
possible expenditure, tries to make the greatest possible profit. 
These contractors know nothing about the science of mining, and 
they have no money to expend in penetrating beyond the worked- 
out galleries. In fact the mines have collapsed, and without consi- 
derable outlay no reasonable profit can be expected. Labour is 
expensive, and English copper can be bought at a cheaper rate in 
the Almora bazar than the local miners can produce it with profit. 
I expect nothing more from native petty contractors than a pittance 
which they can realize by the resident miners working when 
convenient to themselves, when they give half of the ore to the 
contractors and keep the other half. No doubt there is abundance 
-of copper in Gangoli; but any mines, copper or iron, that are now 
worked barely produce sufficient for local consumption. Agricul- 
tural instruments are made for the people of the surrounding 
country, and a few copper vessels ; but all the mines in the interior 
aro in remote places, and too far removed from a good market to be 
of much value.” 


The gold exported from Kumaon is either obtained from the 
streams within the province, or is brought 
down by the Bhotiya traders from Tibet. 
Although no mine of this metal has been discovered in the province, 
there are indications of its existence in Garhwél. The sands of the 


Gold, 
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Alaknanda, Pindar, and Sona furnish a small amount of gold-dust. 
The Ganges also is auriferous as far as Lachhman Jhila, and the 
R&émganga for a short distance below its junction with the Sona. 
The washing is nowhere a profitable occupation, and scarcely gives 
an average of four annas a day for each workman. The gold 
obtained by washing the sands of rivers paid a small duty during 
the Gorkhali rule, and was leased with the forest duties for a short 
time after the British occupation, but the amount was too trifling to 
render its continuance expedient, and it was accordingly abolished 
by Mr. Traill. Undoubtedly a greater return might be had trom 
this source by the use of mercury, as in Australia, for the purpose 
of separating the gold from the sand; for as this is afterwards 
recovered by a simple process of distillation, the expense would be 
very little more than it now is. Captain Herbert found gold in a 
matrix of granite near the Alaknanda. 


The gold imported from Tibet by traders is chiefly taken in 
Tibetan gold mines: exchange for grain or cloth to balance their 
accounts, as rupees are taken by them at 
the hill fairs for the same purpose. The principal gold mines in 
Tibet, sd»chaka, are ten days’ journey beyond the borax fields 
further north and north-east in a district otherwise uninhabitable, 
named Sdérbachydd. These are farmed or managed by a sdr-pan or 
gold commissioner on a triennial contract direct from Lhassa. The 
lessee in 1845 was also Garpan Urku-wa at Gartoh, and paid 
Rs. 17,000 per annum for the lease. He had 170 miners at work, 
for whose subsistence he used to send supplies from Pruang. It 
would also appear to be sometimes the custom to sublet ‘claims’ at 
a tax of a sdrjao or jao of gold, about 74 mashas, or ten rupees.? 
The gold mines are worked by pits and shafts under ground, where 
the gold is found in its pure native state, and undergoes no other 
process than washing and shifting, and after that requires little or 
no refining. In this state, tied up in little bags called sdnshu (H. 
phatang), weighing about 90 grains, it forms the heavy currency of 
the country. A superstitious belief holds ground that no large 
nugget should be removed, as it belongs to the genii of the place, 
but the Lama of Gnari is said to have one weighing nearly a ser. 


1H. Strachey, J. A. S. Ben., XVIIT. (2). 3; J. D. Cunningham, ibid, XIIL ; 
Herbert to Commissioner of Kumaon, 19th January, 1826. 
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Gold is sold at the same fairs as the borax, and is imported to the 
value of about Rs. 10 to 12,000 annually. 

The gold in the bags commonly current has usually not more 
than 7°73 specific gravity. Even the picked 
yellow grains have only a specific gravity 
of 11:96, showing that they are alloyed with some other metal. 
The grosser impurities appear to consist of iron more or less 
oxidised. One of Montgomery’s pandits visited the gold mines 
of Thok Jalang in Rohtoh in 1867,’ and describes it as a great 
excavation from 10 to 200 paces in width and 25 feet in depth, 
access to the bottom being by means of steps and slopes, 
the earth dug out being thrown on either side. The digging 
is carried on with a long-handled kind of spade or an iron 
hoe, the iron for which comes from Ladak. A very small stream 
rans through the gold field, and the bottom is consequently 
a quagmire during the daytime. The diggers dam up the 
water, leaving a sloping channel for an escape. A cloth is then 
spread at the bottom of this channel, and the channel is sup- 
plied by one man with the auriferous earth, and another gives 
water, so that the gold sinks to the bottom and is caught in 
the cloth at the end. Some nuggets weigh up to two pounds. 
The diggers come from the Tsang province round Shigatze or 
Digarcha. There are numbers of abandoned gold fields in different 
directions about Thok Jalang, and probably a whole series of them 
from Rohtoh to Lhassa. The Sdrpan levies a tax of about half a tola 
(saishu), or two-fifths of an ounce, from each digger. There is no 
wood, and water can only be had from melted ice. A cold wind blows 
at all seasons, and, in consequence, the tents of the diggers are 
pitched in excavations in the ground to protect them from this 
wind. The dried dung of yaks, ponies, and sheep afford fuel. 
The Tibetans cook and eat three times a day, their food consisting 
chiefly of boiled meat, barley cakes, buttermilk, and tea stewed 
with butter : they also smoke a great deal. They always sleep with 
their knees close up to the head and rest on the knees and 
elbows, huddling all the clothing on to their backs. The price of 
gold at Thok Jalang was about 5} to 6 rupees per saishu, or 30 
rupees per ounce. 


Thok Jalang mines. 
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Silver was brought down to these provinces from Tibet 
in former times. It was imported int 
that country from those surrounding it 
(probably China), and does not seem to be found in Tibet itself 
in any quantity. It was sent into Tibet in a crude state in 
lumps called doja or thaka, of a general value of Rs. 165 each. 
Importations from that source have ceased for some time, owing 
possibly to the great and growing influx of silver in the shape 
of rupees from British territory. Formerly all borax, salt, &c., 
was bartered for grain, cloth, &., but now, while a large amount 
is still disposed of in that way (probably to procure actual 
necessaries), still, whether it proceed from the increase of trade 
and the portability of coin for hoarding purposes; or from the 
existence of a greater demand for silver in Tibet, by far the 
largest amount of borax is disposed of here for British money. 
The Bhotiyas, too, state that our coin is largely current in Gartoh 
and the other large towns, and is preferred by the inhabitants 
there to the coinage of other countries. They ask for the Che 
harddér Rupaya, or face-printed money.’ The difference in the 
exchange now made up in Government rupees cannot be less 
than eighty thousand to one lakh of rupees per annum. This 
trade in rupees dates from about 1820, when they began to dis- 
place the Srinagari and Lad&ki rupees. 
The mines of copper in Kumaon and Garhwal have never been 
of much practical value either as a source 
eee of supply for local consumption or as 
offering a valuable return to labour and capital. They are still, 
however, deserving of notice, and we shall now describe each in 
succession, commencing with the Gangoli mines in Kumaon. 
The R&éi mine in pargana Gangoli is the most important in 
Kumaon. The ore is chiefly pyrites ina 
oe ere matrix of indurated and sometimes slaty 
talcose and steatitic schists inclosed in dolomite. .1n some places 
the one, and in some places the other, forms the roof and sides of 
the mine. The dolomite has a large crystalline grain and great 
tenacity, and forms a perfectly durable work when excavated. The 
schists when massive may be depended on, and can be easily worked, 
} Lawder in Bec. Geol. Bur. 
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but, as arule, they occur of such inferior consistence, having 
much the appearance of re-united débris, that they require support, 
and often occasion much inconvenience and even danger. The ore 
occurs in the schists in numerous strings, having every appearance 
of being leaders, as they are called, to solid ore, and forming a dis- 
tinct lode. The strike or direction of the strata is nearly W.-N.-W. 
to E.-S.-E., dipping.at an angle of about 45° to the N.-N.-E. The 
copper ore is accompanied by iron pyrites which are occasionally 
found in the pentagonal dodecahedron form, but most commonly in 
such irregular and anomalous forms as can with difficulty be 
described. There are a few specimens of grey copper, but the work- 
ing ore is undoubtedly pyrites. On visiting the mine in 1836, 
Captain Drummond found the lode about two feet wide, containing 
a good yellow copper ore, but with s large proportion of its matrix 
talcose, twenty per cent. only being metalliferous. The ore is 
extracted in the usual way by means of drifts slightly inclining 
upwards, to allow for drainage. The adit at Captain Drummond’s 
visit was driven on the course of one of the lodes which continues 
west about 60 feet, when it falls in with another lode that alters its 
direction to 15,° and afterwards to 30° north, inclining nearly 50° to 
the east of north. At that time the adit had penetrated some 348 
feet from the entrance. The ore had been taken away from beneath 
as far as the miners could excavate it, and the hollow had been filled 
up with rubbish. From above, too, the ore was taken away as far 
as it was found productive. The passage varied from two to four 
feet in height and from two to two and a half feet in width, being 
bounded by the hard dolomitic rock which the miners did not 
know how to remove. In 1868-69 these mines fell in and became 
flooded with water. About a couple of hundred yards to the north, 
and in the same hill, is another similar deposit of copper. This 
used to be laid open to the surface during the rainy season, and was 
then allowed to fall in, so soon as the water employed by the miners 
to carry off the talcose mud from the ore ceased to be plentiful. 
This also has ceased to be worked for some time. 

in 1815 one specimen of fused copper from the Gangoli mine 
and several specimens of the ore in matrix 


were sent to the Mint at Calcutta for assay. 
The report showed that the ore was mixed with arsenic and sulphur, 


Ore assayed. 
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and produced 25 per cent. of malleable metal, but the specimens were 
too small to allow of any exhaustive examination of them.' In 1826 
Captain Herbert valued the outturn at 35 per cent. of the pure ore, 
and in 1836 Captain Drummond gave the general result. from the 
pyrites in their perfectly pure state as about 30 per cent. of metallic 
copper. Pyrites, though not a rich ore, is the most important of 
any, from its abundance and from being generally more to be 
depended on for continuance than the richer varieties. In England 
more copper is obtained from it than from all the other ores 
together. The Gangoli, Sira, and Sor mines were farmed from 
the conquest until 1828, when they were leased for one year to the 
miners,® and were again farmed at a reduced rent in 1833. In 
1815 they yielded a revenue of Rs. 850, increased to Rs. 1,201 in 
1819 and 1820, and to Rs. 1,215 in 1821 and 1822, but in 1874 
the whole of the copper mines of Kumaon brought in a revenue 
of only Rs. 30 a year. 

The Sira mines in Patti Bérabisi in pargana Sira are situated 
on the northern side of a hill somewhat 
higher than the one at Rai. The ore here 
too consists of copper pyrites, accompanied by iron pyrites in a 


Sira mines. 


gangue formed of dolomitic and talcose rocks. In 1816, a specimen 
of copper ore from the Sira mine was sent to the Mint at Calcutta 
for assay, with the result that it was found to contain only 24 per 
cent. of malleable metal, so that 1t was thought that this mine would 
not repay the working.* Captain Drummond found that nearly 
thirty-three fathoms from the entrance the adit struck on a copper 
lode on which a level passage was driven that continued westward, 
its course being about 10° south of west, and the dip northerly 
froin 45° to 50°. The ore was harder and more mixed with iron 
pyrites than the ore at Rai. At the end of the level a second lode 
yielding a poor ore was met, and beyond it a pit was sunk which 

seemed to have yielded in former times fair returns. 
The Gaul mine in Patti Kharahi and the Sor Gurang are simi- 
larly situated, but the ore produced is in 


Gaul : Sor Gurang. oe ree 
very small quantities, consisting of grey 


1To Government, dated 14th June, 1815. From Government, dated 13th 
January, 1816. 2Sec further Stat. Kum.. p. 359: J. ALS. Ben.. VIT.. 935. 
2? To Board. dated 2nd January, 1829. 4+From Government, dated J3th 
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copper, copper pyrites, and carbonate of copper. Steatite and lime- 
stone are the neighbouring rocks, the steatite forming the gangue. 
The Sor mine had not been worked up to 1833, although a lease at 
a small rental had been taken out in 1821.1 Captain Herbert notices 
that all these ores are free from the presence of arsenic, which, above 
all other metals, deteriorates the quality of the copper and is most 
difficult to remove. 


In digging the foundation of a house at Hawalbégh the workmen 
came on a vessel containing three crystallized 
specimens of bournonite, the triple sulphuret 
of copper, antimony, and lead, and the only trace hitherto dis- 
covered of its existence in these hills (1826). Copper pyrites 
also exist near Ganai and Phadidli in Patti Athgdon in pargana 
Gangoli ; at, Bujul and Rathdyat in Patti Bel ina matrix of steatite 
and feldspar ; and at Tamba kan in Patti Ganyoli in a matrix of tal- 
cose rocks. There are small mines in Patti Giwar, at Chin ka Kali, 
Beler, Sor, and at Kemakhet, on the east bank of the Ladhiya river 
in Kali Kumaon. | 


The copper mines of British Garhwal are more extensive and 
have always borne a higher reputation than 
those of Kumaon. The principal are situ- 
_ated at Dhanpur and-Dhobri in pargana Dewalgarh. These mines 
yielded a considerable outturn in former times, but of late years 
operations have not been so vigorously carried on, owing to the 
intricacy of the workings, and the idea prevailing among the miners 
that very little ore remains in the mines. 


The Dhanpur mine is situated on the north side of a high and 
precipitous range in compact dolomite.? The 
ores are principally copper pyrites and grey 
or vitreous copper ores, with the red oxide and green carbonate in 
smaller quantities, the latter being scarce. The ores are found ina 
bed about fifty to sixty feet wide, which runs nearly north and south, 
and underlies east about one foot in the fathom. It is divided by a 
bed of potstone or indurated talc, which runs through the copper 
formation longitudinally, conforming to the strata and having a frith 

' To Board, dated 14th February, 1829. * Mr. Wilkin’s report, J. A. &., 


Ben., XII., 454 ; Reckendorf’s report, ibid, XIV., 471 ; Captain Herbert to Com- 
missioner, 10th January, 1826. 
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or flukan on the western side. The seams of cre are sometimes one 
foot in thickness, but seldom more than one inch. In his report on 
Dhanpur, in 1816, Mr. Traill declared that these mines were inca- 
pable of much improvement, and that the ore prodaced was not rich. 
The lease of the mines, including the twenty-two villages uttached to 
supply the requisite labour and grow grain for the miners, was fixed 
at Rs. 1,850 a year. Up to 1829 there was little improvement, as 
the lessees were too poor to undertake the cleaning out of the mines, 
and no capitalist would ventare to take them.’ In 1838, the best 
seam or vein seen by Mr. Wilkin was not more than half an inch 
thick, and in 1841 the best lode worked was about two inches. The 
veins are very close together, and being softer than the matrix, the 
ore used to be first removed, and then the miners burned the tock 
with wood and threw water on it to facilitate removal. The red 
dolomite is of such a consistence as to seldom require props for its 
support, thus enabling the miners to dispense with wooden frame- 
work and to work all the year round, while the situation of the mine 
on the top of a hill admits of adits for drainage. The interior 
consists of a network of chambers from end to end. 

The Dhobri mine is situated on the south side of the Dhanpur 
range in very nearly the same kind of rock 
as the Dhanpur mine, but in this mine most 
of the veins are horizontal, running along the side of the hill. At 
the surface they are very small, containing oxide of iron and green 


Dhobri mine. 


stains of copper, and occasionally copper pyrites. The present 
working mine is not extended very far from the outside of the pre- 
cipice or surface, the ores being much the same near the surface as 
at a distance from it. When the miners find their passages grow- 
ing long and tedious they begin outside on a new vein. There are 
several old mines west of the Dhobri village ; one of them is very 
extensive, and the ores seem to have been most abundant when the 
horizontal vein was crossed by perpendicular ores ; but the whole of 
the horizontal vein has been taken away. The most western of these 
veins is said to have been very rich, but it fell in about the time the 
Gorkhalis entered the province, and has not been opened since. The 
ores of these mines are principally copper pyrites, containing 25 per 
cent. of copper. There is water for machinery about a mile and a 
41 To Government, dated 14th February, 1829. 
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half below the mine, and wood for all purposes near that place. 
There is another mine on this range at Maulgiri, said to be in the 
same rock as the Dhobri mine. There are other mines of both 
copper and iron in Dhanpur, but few of them are worked, and they 
are for the most part of little value. The mines were leased in 
1872 to a European, but even then western intelligence and energy 
could not make‘them a remunerative investment. There is a copper 
mine in Patti Lobha at Agar Sera! in the face of a precipice on the 
right bank of the Ramganga river which was leased in 1872 for three 
rupees. The lessee, however, makes little profit, as the shatts have 
been sunk so deep that men are afraid to enter them, and the rock is 
too hard to allow of fresh shafts being driven, unless at great expense. 


The Pokhri copper mines early attracted the attention of the 
Government of the country. For many 
years they had been worked by the Garhwal 
Rajas, and subsequently by the Gorkhilis. They consist of several 
separate mines ; that known as the Chaumattiya is situated in talc 
which rests on dolomitic limestone. The 
lode after crossing the ridge east of the mine 
enters a very compact basin, in which is situated the Duined mine. 
This has not been worked much, owing to the softness of the 
talc and the abundance of water, butit is said to have a good 
lode in one part of it. The lode then crosses the hill near Deoth&n, 
a small village above the mine, and is found near Gugli and 
Keswara, where some ores have been extracted, but have never 
proved very profitable in working.” 


The Raja’s mine is situated about 450 yards north of the Chau- 
mattiya mine in common dolomite which 
rests on talcose schist. A shaft of 70 
fathoms was dug by the early workers meeting an adit which must 
have been driven over 100 fathoms through dead ground. Several 
other adits were driven, and when they fell together, about one 
hundred years ago, there were three places where copper was 
found—the Gaja Chauk, Kuvera Chauk, and Bhartwal Kia, all of 
which have now fallen in. The produce was about 300 sers of ore 


a day, yielding 25 per cent. of copper. Two-thirds were claimed 


 Deec ibed by Beckett in Sel. Rec., N-W. P., IIl., N.8., 371. ?¥or 
details o these mincs sce Mr. Wilkin’s reportin J. A. S. Ben., XII., 454, and 
Reckend orf in ibid, XIV., 471. 
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by the Raja, and the romainder was left to the miners, who had also 
grants of land free of revenue. The experiments of Mr. Wilkin 
already noticed were confined to these two mines and a new 
mine which he opened close by. In the new mine the lode was 
very promising and yielded good specimens of ores near the surface, 
but at adepth of fifteen fathoms it became poor, and was consequent- 
ly abandoned. During the time the experiment lasted the expen- 
diture on the Chaumattiya mine amounted to Rs. 2,847, and the 
return in copper to Rs. 231, besides about three to four hundred 
rupees worth of ore. Rs. 347 were expended on the Raja’s mine, 
and the experiment was then abandoned, and the new mine 
cost Rs. 246 before the operations were closed. The entire net 
cost of the undertaking when operations ceased was for labour, in 
working the mines, less sale proceeds of copper, Rs. 2,585, and for 
European superintendence Rs. 4,800, or a total of Rs. 7,385. These 
mines were then leased to a native contractor for Rs. 500 a year. 


In addition to the three mines mentioned above there are several 
others in the vicinity of Pokhri, some of which were worked by 
the former rulers, and some again have never been opened. Mr. 
Wilkin noticed the principal mines, and described them as follows:— 


The Nota mine is situated about two and a half miles north-west 
of the Pokhri mines in talc, which rests on 
dolomitic limestone. The lode is a bed of 
yellow or buff-coloured talc, about four feet wide, dipping north- 
west at 50°; it rests immediately on the dolomite limestone, and 
has a sulphuric effervescence on the surface. This mine is said to 
have been rich ; it is situated on the western side of an extensive 
basin or valley, on the eastern side of which ores have been turned 
up by the plough, but no mine has been worked. This is an extensive 
field for mining, as the lode may be productive throughout the basin 
or valley. There is wood and water for all purposes near this mine. 


The Thala mine is situated about a mile north-west of the Nota 
mine, probably on the same lode, in an ex- 
tensive plain or comparatively level surface. 
It was first worked in 1810, and again in 1825, but there being no 
good facility for adits, the water prevented its being worked to any 
considerable depth. The miners who worked it state the ores to be 


Nota mine, 


Théla mine. 


286 HIMALAYAN DISTRICTS 


copper pyrites disseminated in a lode of two feet wide, one-fifth of 
which was metalliferous. There is plenty of wood for all purposes 
in the neighbourhood of this mine. 


The Danda mine is situated on the hill, about 500 yards above 
the Théla mine, in chlorite slate and talc, 
which on the north-western side comes in 
contact with common dolomite. This mine has been worked to a 
considerable extent, and is said to have yielded Rs. 52,000 profit in 
one year. The ores are of good quality, and found in three or four 
different beds or holes which dip into the hill at an angle of 30°. 
The chiorite slate in which the beds of talc and ores are found is so 
hard as to stand without timber ; it also contains finely disseminated 
copper in small quantity. The lodes run into a fine fall or basin 
westward, in which Mr. Wilkin thought they would be found pro- 
ductive. There is abundance of wood near this mine, but no water 
for machinery nearer than the Thala mine. 


Danda mine, 


The TAlapungla mine is situated about a mile north-east of the 
Danda mine in tale, which rests on dolomitic 
limestone. The strata in which the ores are 
found is about six fathoms wide, dipping south-west at various 
angles. The bed is extensive, but the ores are scarce ; however, 
this might improve at a distance from the surface. Ores hays been 
found in a precipice, east of this mine, near the village of Bangtal, 
but at present the outcrop is covered with rubbish ; it is in the tal- 
cose formation, and has good facilities for working. 


Taélaptingla mine. 


The Kharna mine is situated in the ravine below Bangtal, near 
its junction with the Nagal river in talc ; it 
was discovered by the water of the ravine 
washing away the strata, and leaving a quantity of ores exposed to 
view ; these ores were taken away by the Pokhri miners and the 
mine was worked five or six fathoms under the surface, beyond which 
they were prevented from going by the water. They say that the lode 
at the bottom of the mine for two fathoms in length is one foot wide, of 
solid copper pyrites. Of late years nothing has been done at this mine 
beyond washing among the surface layer, which contains a small 
quantity of copper pyrites. There is plenty of wood in the neighbour- 
hood of this mine and water for machinery, but no facility for adits. 


Khare mine. 


OF THE NORTH-WESTERN PROVINCES. 287 


Mr. Beckett has described the mode of mining and preparing the 
ore of the Agar Seré' mine from which the following account has been 
extracted. The gangue consists of white and yellow quartz much 
encrusted with green carbonate of copper, and is so difficult to work 
that not more than 40 to 60tb. of ore can be excavated by one man 
inaday. The workings are dry and the lode has a dip of about 30° 
below the horizon with a north-westerly direction. The ore is 
pounded and moistened with water and receives an admixture of five 
parts in six of limestone as a flux. The charge, consisting of about 
6Ib. of unmixed ore, takes about half an hour to melt and is placed 
from time to time in handfuls on the furnace, and covered with oak 
charcoal which is occasionally moistened with water. When the 
fire falls in after the last supply of ore, the charge is ready to be 
taken out. The door of the furnace is then taken away and the 
remains of the fire being raked out, there appears at the bottom a 
melted mass which, after being stirred about a minute or two to allow 
the heavier particles to settle down, is sprinkled with water to harden 
the surface. Three or four of these charges being taken away, the 
melted copper is found at the bottom in a small mass weighing 
about 2} ounces, for which twelve pounds of charcoal have been used. 
Thus from every 100 parts of ore about 2},ths parts of copper are 
procured, having consumed 200 parts of charcoal or, in other words, 
137tb. of charcoal are required for the production of a little over 
two pounds of pure copper, which sells at about one rupee a pound. 


The iron ores found in Kumaon all belong to either of two varie- 
ties, the rhombohedral or the prismatic. The 
first is a peroxide of iron containing in its 
best defined type 70 per cent. of iron and 30 per cent. of oxygen. 
The workable ore, however, often contains earthy impurities which 
reduce the proportion so low as 50 per cent. of metal. This is the 
common species. A variety of this, known as red hxmatite, also 
occurs in many places, and frequently contains small grains of 
specular iron ore of a highly splendent lustre. At Ramgarh it 
passes into the variety known as scaly iron ore, consisting of loosely 
cohering glimmering particles of a steel-grey or iron-black colour, 
strongly soiling and feeling unctuous to the touch. Captain Herbert 


1 Bee Bel, Rec:, N.-W P., III., N.S. p. 34, and Glean. in Science, L, 230; As. 
Res.. XVIII, (1), 227 (Herbert) . Traill and Batten, Statistics of Kumson, Agra, 
851. 
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considers these beds conn.cted with those at Dhaniya Kot on the 
Kosi. Both yield very good iron. The prismatic species or hydrated 
peroxide is only known to occur in the Chaugarkha pargana. 


The following are the principal iron mines in Kumaon. In Patti 
Agar of the Ramgarh pargana, as noted, the 
iron is of the species known as scaly, some- 
what laminated in structure, slightly micaceous, and influencing the 
magnetic needle. The names of the principal mines are the Lisgani, 
Nathiua Kan, Gulla and Satbunga mines, the last of which has a rich 
hematite. In Patti R&mgarh, also, there are several mines that are 
largely worked. For the first 18 years of British rule these mines 
were leased to the headman of the Agaris at a nominal rent,! which 
up to 1826 included all the iron mines in Kumaon. In 1833 the min- 
ing industry in Ramgarh received its first check in the emigration 


Kumaon mines. 


of the miners to Khetsari in Pali, and has never since recovered its 
early importance. In the Chaugarkha pargana, the ore of the 
Muniya mine in Patti Lakhanpur is of the prismatic species. It is 
of two varieties, the ochry and compact. The former sometimes 
contains octahedral crystals and magnetic iron ore, and in the 
neighbourhood of the mine on the summit of a small hill there occur 
rolled pieces consisting of grains of quartz and small octahedral crys- 
tals of this mineral cemented together. These pieces are magnets, 
and have each two poles. The ores, too, contain manganese in netable 
proportion, and would consequently afford a very good steel ; 
as it is to the alloy of this metal that the superiority of the steel 
manufactured from brown ore is attributed. In Patti Dérun there 
are mines at Digarhia and Jhiratoli of the same nature ; in Rangor 
Patti at Jalal and Digarhia ; in Patti Kharahi at Lob. A specimen 
of iron ore brought from the neighbourhood of Milam, called by the 
natives of Malla Juhar ‘bulddnga, seems a crystalline variety 
of red hematite. It is used there for a red dye, the colour being 
extracted by rubbing the stone on a hard surface while wet. 

The mines of Patti Giwar in pargana Pali are found at Chiteli, 
Sirauli, Khets4ri, Simalkhet, Gudi, Bailgaon, 
Bonigarh, and close by at Mehalchauri and 
Tilwéra. The valley in which the iron is produced rans nearly 
north and south, and extends from Dwérahat on the south to Pandia 

LTo Government, 24th December, 1833. 
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Khal on the north. It is formed by the rivers Kotlar and Khetaéri, 
both flowing into the Ramganga, the bed of the former being about 
nine miles long, and that of the latter six miles. The ores lie on the 
east side of the valley and occur along a range of hills about thirteen 
miles in extent. The Simalkhet mine! is the largest, and has four 
entrances penetrating upwards of 350 feet into the mountain. The 
ores here consist of red hematite of a good quality in a gangue of 
clay slate branching in every direction and at all angles. The lodes 
range from 3’ to 18’ in width and 2’ to 15’ in height, the average 
being from 3’ to 5’ by 4’ to 6’. There is no water, and the sur- 
rounding rock is compact, requiring few supports. 

In Sayalgarh of pargana Kotauli there is some iron ore not at 
present worked. At Manglalekh in Talla Rao the ore is much 
esteemed for its quality, and is raised in some quantity. -At Dehchauri, 
Rémgarh, and Khurpa Tél the mines are in the hands of the Kumaon 
Iron Works Company. The Lugthan mine is in Malla Katyiuir, and 
there is another in Baraon Patti in pargana Gangoli. The burrows at 
Khairna are now unworked, likewise those at Simalkha and Uchakot. 


In the Garhwal] district the iron mines in Patti Painkhanda 
exhibit specimens of granular iron pyrites 
imbedded in veins of quartz which occur 
in a dark-greyish talcose schist. They are apparently not very 
rich in ore. In Patti Sili Chandpur the Rajbunga mine gives 
a rich haematite which is slightly attracted by the needle, and is 
still worked. The Khush mine in the same patti gives a mica- 
ceous ore, scaling off easily and showing minute crystals resemb- 
ling garnets on the edges of some specimens. The adjacent 
beds seem to be chloritic schists; this ore affects the needle. 
In Taili Chandpur magnetic ore is found with hematite, and 
a specimen from Patti Talli Kaliphét resembles specular iron ore. 

Specimens from the Bukhanda mine in Patti Bichhla Nig- 
pur are also of a micaceous nature, and 
seem to contain in parts minute crystals of 
quartz and pyrites, otherwise they much resemble graphite, and 
soil the fingers when touched. They do not influence the com- 
pass needle. The Jakhtoli mine in the same patti give an ore which 

1 TIL, Sel. Rec. N.-W. P., 23. 
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is probably a clay ironstone. It. is of a light coffee colour and of 
little specific gravity. The Gilet mine close by gives an ore of a 
similar quality. In Malla Nagpur the ore is probably hamatit. 

A vein of tron pyrites runs along the Alaknanda in this patti near the 
village of Hath. The people call them ‘ sona ke pathar,’ or gold stone, 
and sell them to the pilgrims to Badrin&th at high rates. The stones,in 
the form of powder, are used as an orpiment, and the stone itself asa 
flint. A specimen from Nagpur itself is probably a carbonate of iron. 


The Mok mine in Patti Malli Dasauli yields an ore of which 
Dasauli and Bachhan- Specimens appear to be magnetic, rich in 
syGn. metal, black in colour and crystalline, and 
laminated in structure. It possesses highly magnetic properties. 
The Charbang mine in the same locality is of a similar character, 
very rich in iron, and, according to Mr. Lawder, exhibits its polarity 
in the direction of the planes cf lamination. The Dungara niine in 
Patti Bachhansytin gives speciaens which may possibly be an earthy 
hydrated oxide of iron. Its colour varies from ochry to dusky black, 
streak the same. It is of little specific gravity, the clay seemingly 
predominating. The iron of Bachhansyun, however, has a wide 
reputation for hardness and toughness. Sledge-hammers (gan) made 
from it have been found to last out those of the best English metal. 
The ore of Pipali mine in Patti Iriya Kot is probably a 
hydrous form of sesqui-oxide of iron, the 
clay largely predominating. The Danda 
Toli mine in the same patti seems to give an argillaceous variety 
of brown hematite. Lohba affords a rich hematite, raised in large 
quantities. The Chalya mine in Patti Painin gives a hard and 
brittle ore possessing the iron-black colour and metallic lustre of 
magnetic iron, but specimens of it failed to affect the compass necdle 
in the manner characteristic of that ore. Jt may possibly on 
analysis be found to contain manganese. 


Iriya Kot. 


The deposits of lead are fairly numerous. The ore is found at 
Lead Tachhira in pargana Dhanpur mixed with 
alittle silver. A large mine also existed 

at Ghirti in the snowy range between Milam and Niti, but this 
has lately been closed by a landslip. The mines at Ralum and 
Banskum on the banks of the Gori river and at Baidli Baghir 
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are unworked. The ore is galena, and the matrix is silex, with 
varying proportions of feldspar and calcapar. The Nagpur mine 
is a fair one, but somewhat inaccessible. Near the Gaul mine in 
Patti Khardhi and at Sor Gurang copper mines there are depo- 
sits of lead ore. The former is a galena traversing a silicious 
limestone, but neither are regularly worked. When the villagers 
require lead they burn the rock, and the lead, more or less sul- 
phuretted, trickles from the crevices. A large nodule of lead, the 
size of an eighteen-pound shot, was found in Patti Maundarsyiin, 
on the banks of the Nayar river. It consisted of pure galena, but 
though search was made no more could be discovered. In Jaunsér 
there are mines at Maiyér and Borela on the left bank of the Tons 
river and at Aiyér on the right bank. At Maiydr and Aiyér the 
matrix is clay slate, and at Borela, limestone supposed to be a bed 
in the clay slate.' The revenue from these mines is now nominal. 


Yellow arsenic, known as haritdl, is found in the northern parts 
of Kumaon, near Miunsyéri. A small portion 
is brought down every year by the Bhotiyas 
for sale at the Bageswar fair in January. 
Indications of lignite appear near Rénibégh close to HaldwAni, 
ignite: the Barakheri pass near Bhamanri, and in 
the streams of the sunb-Himélaya near Najib- 
abad in the Bijnor district. They do not give promise of any 
workable fuel, and, judging from the experience obtained in other 
parts of the hills, it is questionable whether any lignite deposits 
will ever be discovered of such extent and quality as to repay the 
expense of mining them. An analysis of a specimen of the 
Ranibagh lignite gave carbon 60°0, volatile matter 36-4, ash 3°6. 
The percentage of ash, however, contrasts favourably with Bengal 
coal.? Traces of a true peat are found at Bhim Tél. In 1833 
Mr. E. Ravenshaw reported’ the existence of coal in the bed of the 
Dhela river near Léldhang in Garhwél, where it occurred in thin 
seams varying from one inch to four inches broad. Similar traces 
were discovered in the bells of the Chela and Phika streams, but 
none of any commercial value. The specimens received in Calcutta 
were nearly all of the same character, “strongly impregnated with 
2 As. Res., XVI_, 387, 397. BJ AS. 


Arsenic. 


4 Gleanings in Science, I., 232. 
Ben.,. 1., 264. 
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sulphuret of iron which forms their fibres, streaking some of them 
and passes into thick masses of pyrites, decomposing in others. A 
clean lump had a specific gravity of 1968 in consequence, and the 
residual ash was principally iron oxide.” 


Graphite! (plumbago) crops out at the Kalimatiya hill to the 
north of Almora and on the spur of Banini 
Devi facing Almora on the Lohughét road. 
In 1850, specimens were sent to England and subjected to exami- 
nation, when it was found that it could be made serviceable as 
graphite. Excavations were also made by Major Drummond at 
Garjoli near Balti, and Palsimi, about three miles from Balti and the 
same eastward of Almora. The following is the report of Mr. Rose, 
the mineralogist who tested the specimens sent from Almora :— 
“ Graphite is applied to several purposes. When very fine, compact, 
and of a sufficient cohesion, it is cut up for drawing-pencils. When 
the texture is loose, or it is otherwise of inferior quality, it is ground 
down and deprived of foreign substances by washing, as ores of 
metals are prepared for smelting. The powder thus purified is then 
used for various purposes, such as crucibles (being refractory or 
infusible by heat) for burning iron, and reducing the friction of 
machinery. A new method is now adopted for making artificial 
pencils, which are scarcely if at all inferior to those sawn out of the 
finest blocks. The dust of such fine material as your specimens 
Nos. 4, 8, and particularly No. 10, properly prepared, is subjected 
to vast hydraulic pressure (several hundred tons), and thus acquires 
the compactness and solidity necessary for the best purposes. The 
best kinds of graphite may be known by a pale lead-blue colour, 
high lustre, unctuosity, and inferior specific gravity. The first nine 
specimens will answer for pencils, most of them sufficiently pure 
and compact to be divided for that purpose. All the varieties sent 
may be used, even No. 13, though connected with much matrix, as 
it can be deprived of this by grinding and washing. All the 
varieties of this substance must continue in demand and bring 
remunerative prices if the expense of mining and conveyance should 
not be too great.” It is also found in Patti Lohba of Garhwal on 
the Karnprayag road, and is there used as a dye. 


Graphite. 


"See, further, Gleanings in Science, IIT., 280; J. A. 5, XXIV., 203 ; In. Rec. 
CHL D.), RVIL, 58: Reo, N.-W. P,, LIL, N. S., 371, 
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Salphur is found both in Kumaon and Garhwél. In the former 
district it occurs in the tract called Mun- 
syéri, and mechanically mixéd with carbonate 
of lime in the beds of’ the Ramganga and Ganjiya rivers. It is 
also found as green sulphate of iron, and could be obtained in any 
quantity from the iron pyrites of the copper mines. There are also 
some sulphureous springs, as those at Naini Tal, Nargoli, and 
Kathgodéin. There are two sulphur springs in Garhwal: the first 
lies close to the snowy range to the north-east of the temple of 
Madh Maheswar in pargana Nagpur ; the other is on the left bank 
of the Biri river, two miles above its junction with the Alaknanda. 
The water of this last is so very strongly impregnated that its 
existence can be discovered by the smell long before arriving at the 
spring itself. Neither are made use of any way. Sulphur is alse found 
in the galleries of the lead mines at Maiyar on the Tons in Jaunsér. 
Borax or tincal, a native ssline compound of boracic acid and 
Borax, soda. The borax and salt fields of Gnari or 
Hiundes, lhd-lhaka or lhdli-lhdka, lie to the 

north of Bongbwa Tal, across mountains that round the north-east 
side of the valley of the Shajan river, parallel to the Gangri range, 
and in the eastern part of the Zjang of Rohtoli (Rudukh) and at the 
Chapakani lake. The two salts are obtained from different spots in 
the aame vicinity, and are both worked in the same way by lixivia- 
tion from the earth taken from the surface of the ground in which 
the salts are developed by natural efflorescence. These salt fields 
are open to all who choose to adventure their labour in them on 
payment of one-tenth of the produce to the Lhassa Govermnent, who 
have an excise establishment on the spot.!. The borax is collected 
from June to September and sold at the different fairs—Ganpa, 
Gartoh, Sibilam, Chijna, Taklakhar, Dabakhar. It is brought 
down by the Bhotiya traders and purchased by the merchants 
of Ramnag:r, where it is retined. The process is as follows :—Thc 
borax is pounded and placed in shallow tubes, and then covered 
with water to the extent of « few inches ; to this is added a solution 
of about two pounds of lime dissolved in two parts of water, for 
every ten maunds (820 pounds) of borax, and the whole mass 1 


well stirred every six hours. Next day it is drained on sieves o: 
3 Strachey: J, A. 6, Ben., XVIL (2), 67, 


6ulphar. 
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cloth, and after this is again dissolved in 24 times its, eight of 
boiling water, and about sixteen pounds of lime added for the 
above quantity. It is then filtered, evaporation takes place, and 
subsequently it is crystallized in funnel-shaped vessels, usualiy of 
kansa, an alloy of copper and zinc or lead. The loss in weight is 
about 20 per cent. Borax is used in medicine and the arts. Dry 
borax acts on the metallic oxides at a high temperature, melting 
and vitrifying them into beautiful coloured glasses. It is also used 
as a flux for soldering in goldsmith’s work and as a varnish combined 
with shell-lac. Its principal use is, however, in the menufactare of 
coloured glass, enamel, and glazed substances.* 


ae is found in pargana Chhakhéta. Perhaps the best bed 
a is near the Nihal] bridge on the road between 
aes Kéladhingi and Naini Tél. In 1850 the late 
Mr. Tregear, of the Bareilly College, made some very good plaster of 
Paris from it, which might be found useful in external plastering, us it 
has the property of expanding on cooling. Gypsum is found in Garh- 
wal, on the banks of the Alaknanda near Panai and Nagrasu. There 
is also a dark-green variety which the people sometimes make 
into saucers and bowls. Captain P. T. Cautley noticed? the 
occurrence of gypsum at Sansardhara and Salkot near Dehra and 
described its appearance and origin, which was further discussed by 
the Rev. R. Everest, but these papers have now little practical 
value.* 


A white saponaceous stone resembling and used for the same 
purpose as pipeclay is produced in many 
places. In Garhwal various vessels are 
turned from it, which when polished have the appearance of marble. 
They retain liquid, but being extremely brittle are little used. 


Asbestos has lately been discovered in a hill to the north of 

and at a short distance from Ukhimath im 

Garhwal. It is said to be of very good 

quality, but it is too far inland to be profitably worked. The people 

use it medicinally for dressing wounds and burns, and as a wick for 

oil-lamps, but it may yet be turned to a profitable account as 
a packing for oe and the like. 


' Ure, I, 381. Res., XVIII. (1), P. 216. JA. B. Ben, I, 
289. * Ibid, 460, mr Sherwill on Darjiling gypsum, ibid, EXL, 638 


Soapstone. 


Asbestos. 
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Stl’ or Salajtt, a native sulphate of alumina, is found both 
in Kumaon, Nepal and parganas Pain- 
khanda and Nagpur in Garhwal. It is much 
sought after and used as a dressing for wounds. It occurs in small 
light lumps, colour brownish white, externally anhydrous, internally 
-semi-crystalline, fracture slightly fibrous, with a lustre resembling 
asbestos, porous, containing small cavities lined with scarcely percep- 
tible needle-like crystals, adheres a little to the tongue. Taste acidu- 
lour saline, soluble in twice its weight of distilled water, friable. 
Mr Stevenson’s analysis* gives as its component parts : sulphate of 
alumina, .95 ; peroxide of iron, 3; insoluble matter (silex), 1, and 
loss, 1. This analysis would appear to point to a specimen of great- 
er purity than those commonly met with in the bazars which, as 
a rule, have seldom more than 66 per cent. of sulphate of alumina. 
The lumps generally have an admixture of red sand and frequently 


_—‘Bilajit. 


portions of micaceous stone are found embedded in them. Some 
of them have the smooth surfaces of stalactites and are not unlike 
those deposits. Allare readily soluble in water, and when touch- 
ed with the tongue give the taste of common alum. Dr. Camp- 
bell has described® the Nepalese trade in Sal-jit. 


Limestone is found all over the division, both in immense 
masses exhibiting various shades of colour 
and structure, and as local tufa deposits. 
There are three distinct ranges of limestone hills in Garhwél : the 
first north of the Alaknanda in Nagpur, the second running from 
Lohba Patti to the Pindar, and again to the Alaknanda in Patti 
Bachhansyun, and the third running parallel to the plains and 
south of the Nayar river. There are also small patches of limestone 
scattered throughout the district, but not in such large quantities 
as in the abovementioned ranges. Lime is manufactured at Naini 
Tal, at Jyuli in the Kharahi range, half-way between Bageswar and 
Almora, at Chiteli, north of Dwarahat, at Simalkha, Baitélghat, 
and Dhikuli for Ranikhet, and on the new cart-road to Ramnagar. 
Lime is also made in Boraraun, Sor, Sira, Dhyadnirao, and Charél. 
Two kinds of limestone are used in the Turai district, the one being 
obtained from the quarries at the foot of the Kumaon hills, which 


) Derived from ‘sila,’ a stone, and ‘jit,’ principle or essence, JAS. 
Ben., II. $21, 3J.A.S&., Ben., I1., 482. 
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give by far the best kind of lime ; the other is the tufa deposit 
obtained in the small nélas of the tract itself ; this latter kind, how- 
ever, is of a very inferior quality. First-class limestone costs .at 
the quarries five to eight rapees per 100 maunds ; the tax levied 
by the Forest Department is eight rupees on that amount, and 
cartage may be averaged at half a rupee per mile for 100 maunds. 
Thus the stone is landed at most points in the district for 30 rupees 
per 100 maunds, and including the expense of brrning, a maund 
of lime costs 10 to 12 annas. This lime will bear two or three por- 
tions of pounded brick or surki. Second-ciass limo ready for use 
now costs 25 rupees, and deliveredin Naini Tal, 50-100 rupees 
per 100 mannds ; it will, however, only bear a proportion of one 
part of pounded brick to two parts of lime. 

Good building stone can be procured in most parts of the 
hills. At Almora fine-grained, evenly-bed- 
ded quartzites and mica-schist form the hill 
itself, and supply material not to be excelled for durability and 
facility of dressing. Mica-schist seems to form the principal beds 
for some distance to the east and west of Almora, reaching to Dwa- 
rahat and Masi on the west, Pali, Ranikhet, Siyahi Devi, Dol, and 
towards Kali Kumaun to the east, and also in the formation of the 
Jageswar aud Binsar ranges to the north. At Naini Tal the stones 
used are limestone and clay schist. At Ranikhet a pale-coloured 


Building stone. 


gneiss forms both a handsome and a lasting building stone having 
the property of hardening by exposure. Sandstone is abundantly 
found in the lower hills. Gneiss and chlorite-schists are used fre- 
quently as building stones in the district. In the Bhébar split 
boulders are found to answer the purpose of bricks. The Tarai is the 
only portion of the Kumaon division where bricks are extensively 
used for building purposes. Nine-inch bricks cost about Rs. 750 
per lakh, and the small .uative bricks Rs. 100. Stone is sometimes 
carted from the foot of the hills for the better kind of work, but 
owing to the great expense is, so far as possible, dispensed with. 


At Chiteli near Dwérahat there are roofing-slate quarries, now 
unworked ; also at Dhari in the Bel Patti of 
Gangoli; in Borarao Patti, Sult Patti, and at 
Naini Tél. In Lohba of Garhwal the thin dark-blue slate is procur- 
able, but these last appear to be mueh inferior: to the Chiali quarry. 


Roofing slate. 


OF THR NORTH-WESTERN PROVINCES. 297 


Alum, known as phitkari, is found in different parts of the pro- 
vince, and in abundance in the aluminous 
shales near J&k village, on the road from 
Naini Tal to Khairna and as an efflorescence on the micaceous gchist 
in the bed of the Kosi below Almora. The shales contaip minute 
particles of pyrites disseminated throughout their mass, which on 
becoming decomposed promote the formation of alum and the lixivia- 
tion produced by water leaves an encrustation of alum on the rock. A 
dark-coloured tale called jalposhiis exported to the plains and used as‘a 
tonic and febrifugeinmedicine. In the neighbourhood of Kotgaon and 
Giwarsiu near Paori in Garhwél a bitumen or mineral resin is found. 


There is no doubt but that in both quantity and quality the 
metalliferous deposits in this division are good, but the absence 
of coal and the competition of sea-borne metal have hitherto ren- 
dered mining an unproductive speculation, nor does there seem 
any probability of it attaining any important position among the 
industries of the province. 


Alum. 
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